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CHARTER 

OF 

THE NATIONAL ASSOCIATION OF CEMENT USERS. 



KNOW ALL MBN BY THBSB PRBSBNTS, That we, the under- 
signed, all of whom are citizens of the United States, and a majority of 
whom are residents of the District of Columbia, have associated our- 
selves together for the purpose hereinafter set forth and desiring that 
we may be incorporated as an Association under sub-chapter three (3) of 
the Incorporation Laws of the District of Columbia, as provided in the 
Code of Law of the District of Columbia, enacted by Congress and ap- 
proved by the President of the United States, do hereby certify: 

/• Nmme^ The name of the proposed corporation is "The National 
Association of Cement Users.'* 

2* Term 0/ Bxigteace* The existence of the said corporation shall 
be perpetual. 

«!• ObJectM* The particular business and objects of the said corpora- 
tion shall be to disseminate information and experience upon and to 
promote the best methods to be employed in the various uses of cement by 
means of convention, the reading and discussion of papers upon materials 
of a cement nature and their uses, by social and friendly intercourse at 
such conventions, the exhibition and study of materials, machinery and 
methods and to circulate among its members by means of publications the 
information thus obtained. 

-#. iacorporaton. The number of its managers for the first year 
shall be fifteen. 

ia WItneBB Whereof, we have hereunto set our hands and seals this 
fourteenth day of December, A. D. 1906. 

RICHARD L. HUMPHREY, (Seal) 

JOHN STEPHEN SEWELL, (Seal) 

S. S. VOORHEES. (Seal) 

Office of Recorder of Deeds, 
District of Columbia. 
This is to certify that the foregoing is a true and verified copy of a 
Certificate of Incorporation, and of the whole of such Certificate as re- 
ceived for record in this office at 9 : 49 a. m., the 19th day of December, 
A. D. 1906. 

In testimony whereof I have hereunto set my hand and affixed the 
seal of this office, this 20th day of December, A. D. 1906. 

• (Signed) R. W. DUTTON, 

Deputy Recorder of Deeds, 

District of Columbia. 

(Seal) 
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BY-LAWS 
THE NATIONAL ASSOCIATION OF CEMENT USERS. 



Article I. 

MEMBERS. 



Section i. Any company or persons engaged in the con- 
struction or maintenance of work in which cement is used, or 
qualified by business relations or practical experience to co-oper- 
ate in the purposes of this Association, or engaged in the manu- 
facture or sale of machinery or supplies for cement users, or a 
man who has attained eminence in the field of engineering, archi- 
tecture or applied science, is eligible for membership. 

Sec. 2. A company shall be treated as a single member and 
allowed but one vote. 

Sec. 3. Application for membership shall be made to the 
Secretary on a form prescribed by the Executive Board. The 
Secretary shall submit a copy of the same to each member of the 
Executive Board and a two-thirds majority of those present at 
a Board meeting shall be necessary to an election. 

Sec. 4. Resignations from membership must be transmitted 
in writing to the Secretary. 

Sec 5. Any member, after a fair hearing by first the 
Executive Board and then, with their approval, by this Associa- 
tion, shall be expelled from membership by a three-fourths ballot 
of the members present at any regular meeting of the Associa- 
tion, not less than twenty votes being cast. Such actioil shall 
not be publicly announced. 

Article IL 

officers. 

Section i. The officers shall be a President, four general 
Vice-Presidents, a Vice-President for each section into which the 
Association may be divided, a Secretary and a Treasurer. 

(7) 



8 Bv-Laws. 

Sec. 2. There shall be an Executive Committee of the 
Executive Board, consisting of the President, Secretary, Treas- 
urer and two of its members, who shall be elected by the Execu- 
tive Board. 

Sec. 3. These officers, except the Secretary and Treasurer, 
shall be elected by ballot at the Annual Meeting and shall hold 
office for one year. The Secretary and Treasurer shall be elected 
annually by the Executive Board. \'acancies occurring during 
the year shall be filled by the Executive Board. 

Sec. 4. The Executive Board shall consist of these officers 
and the five latest living Past-Presidents. 

Sec 5. The Secretary shall be custodian of the Association 
property and shall forward all moneys received to the Treas- 
urer, obtaining his receipt for the same. He shall give such 
bond as the Executive Board may require. 

Sec. 6. The Treasurer shall handle the funds of the Asso- 
ciation subject to the approval of the Executive Board and shall 
give bond for the faithful performance of his duties in such sum 
as the Executive Board may designate. The Treasurer shall dis- 
burse funds only on warrant drawn by the Secretary and counter- 
signed by the President. 

Sec 7. It shall be the duty of the Executive Board to 
audit the accounts of the Secretary and Treasurer before each 
annual meeting. 

Sec 8. The Secretary and Treasurer shall receive a salary 
to be fixed by the Executive Board. 

Sec 9. The Executive Committee shall manage the affairs 
of the Association during the interim between meetings of the 
Executive Board. 

Sec 10. The Association shall be divided into such sections 
as the Executive Board may determine by the enrollment of 
members of the Association in such sections as they may choose. 
The Chairman of these sections shall be reported by the Com- 
mittee on Nomination of Officers to the Association for election 
as Vice-Presidents of the Association, at the general election. 
Standing committees of four additional members each shall be 
appointed by the President of the Association in consultation 
with the respective chairmen to aid them in their work. 
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Sec. II. At the first regular session of the Annual Conven- 
tion, the President ?hall announce a committee on nomination of 
officers, and a committee on resolutions. These committees shall 
be appointed by the Executive Board. 

Sec. 12. The election of officers shall take place at the 
business session on the second day of the convention, and they 
shall assume office at the close of the convention and hold same 
until their successors are elected and qualified. 

Article III. 

MEETINGS. 

Section i. The Association shall meet annually, the time 
and place being determined by the Executive Board, and notice 
shall be mailed to all members at least twenty days previous to 
the date of meeting. 

Sec 2. The Executive Board shall meet at least twice each 
year, the time and place to be fixed by the Executive Committee. 

Article IV. 

DUES. 

Section i. The fiscal year shall commence on the first of 
January and all dues shall be payable in advance. 

. Sec 2. The annual dues of each member shall be five 
dollars ($5.00). 

Sec 3. Any member whose dues shall remain unpaid for 
one year shall forfeit the privilege of membership. If he neglects 
to pay his dues within thirty days thereafter and after notifica- 
tion from the Secretary, his name may be stricken from the roll 
of membership by the Executive Board. 

• 

Article V. 

AMENDMENTS. 

Section i. Proposed amendments to these By-Laws signed 
by at least three members, must be presented in writing to the 
Executive Board before November ist of each year. In the 
notices for this meeting the proposed amendment shall be printed. 
At the annual meeting the proposed amendment may be dis- 



lo By-Laws. 

cussed and amended and may be passed to letter-ballot by a 
two-thirds vote of those present. If two-thirds of the votes 
obtained by letter-ballot are in favor of the proposed amendment, 
it shall be adopted. 

Sec. 2. The Executive Board is authorized to number the 
articles and sections of the By-Laws to correspond with any 
changes that may be made. 



SUMMARY OF PROCEEDINGS OF THE FOURTH 

CONVENTION. 



First Session. — Tuesday, January 21, 1908, 10.00 A. M. 

Convention called to order by President Richard L. 
Humphrey. 

Address of Welcome on behalf of the citv of Buffalo was 
delivered by the Hon. J. N. Adam, Mayor, as follows: 

I understand you have come to us with a "concrete proposi- 
tion." Your purpose is to cement our interest with your own, to 
mutual advantage, and, therefore, we most heartily bid you wel- 
come to our city. 

Cement construction for a while seemed to be one of the lost 
arts. We used to hear of Roman cement, and when I went to 
Rome and saw what it was I wondered why it had been super- 
seded. Perhaps it was because builders had found a way to mix 
it to their advantage and in the end had killed the goose that 
laid the golden egg. Some people in Scotland say whiskey is 
bad, especially bad whiskey, and I am sure there is nothing so 
bad in concrete as bad concrete. 

If our friendships are cemented by unworthy motives they 
will not last very long. So it seems the real secret of your busi- 
ness is integrity, and, after all, that is the real secret in every- 
thing. Your molds may be all right, the separate cornponent parts 
may be all right, but if the mixture be disproportioned, all goes 
wrong. "Pray, Mr. Opie, what do you mix your paints with?" 
**With brains, sir," said Mr. Opie, and he might have added, 
"with honesty." 

You have come to Buffalo with a double purpose — to advance 
your own interests and to advance ours. This is a community of 
interest that should be encouraged. You have brought with you 
an exhibit of your materials and appliances that we may have 
ocular demonstration of the value of your suggestions. Seeing is 
believing. We shall look with both eyes. For we have an idea 

(II) 



12 Summary of Proceedings, Fourth Convention. 

that you have got a good thing and something that may be of use 
to us. We have some good examples of your craft in Buffalo. 
I hope that 'ere long we shall have many more. Those we have 
are spoken of as fireproof, waterproof, weatherproof, insect-proof, 
sound-proof, earthquake-proof — proof against almost everything, 
in fact. 

Gentlemen, we welcome you to Buffalo. It is a fine city, and 
when adorned with a few more cement buildings it may be finer 
still. Stay with us and put them up. We will sell you the land 
on easy terms. Do not let your time be all engrossed with busi- 
ness. Take a drive around and see how pleasant a place Buffalo 
is, and hear some of the fine music which has been provided for 
you during your stay with us. 

We shall at least have our acquaintance cemented. Welcome 
to Buffalo. 

Response of President Richard L. Humphrey: 

Mr. Mayor, on behalf of the National Association of Cement 
Users I desire to express to you our appreciation of the particu- 
larly fitting way in which you have welcomed us to this great city. 
I am quite sure that I but poorly express the views of my col- 
leagues when I say to you that already we are gathering pleasant 
memories of the city of Buffalo which we shall carry away with us. 
I think to all good Americans Buffalo is a Mecca. It is peculiarly 
rich in historic points of interest. It should be noted that early 
in the history of the cement industry in this country Buffalo had 
factories for its manufacture; and again, Buffalo, early in the 
history of this Association, welcomes us here and shows its pro- 
gressiveness in helping along that which they believe to be a new 
industry. Our brief stay in the city of Buffalo, I am sure, will 
be pleasant; and may I express the wish that the loyal citizens 
of Buffalo will participate in our deliberations, that these deliber- 
ations will be productive of much good, and that we will leave 
some truths, some facts, some new information regarding cement 
that will be helpful to you. 

I further desire to express to you the hope, in view of all 
the pleasant associations here, the cordial welcome which you, 
Mr. Mayor, have extended to us as the representative of this city, 
the enthusiasm of the chairman and members of the local com- 
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mittee and the individual citizens of the city of Buffalo who have 
been so energetic in perfecting arrangements for the convention, 
that we may return in the near future and once more enjoy your 
hospitality. 

Again, on behalf of the National Association of Cement 
Users, I desire to thank you and express our hearty appreciation 
of your cordial welcome. 

The President announced the appointment of the following 
committees : 

m 

Committee on Nomination of Officers : 

Edward D. Boyer, Chairman, Catasauqua, Pa. 
John E. Conzelman, St. Louis, Mo. 
Robert C. Morris, Louisville, Ky. 
John A. Maynard, Bridgewater, Mass. 
Lsaac F. West, Wichita, Kan. 

Committee on Resolutions: 

Robert W. Lesley, Chairman, Philadelphia, Pa. 
M. C. Robinson, Ashtabula, Ohio. 
A. N. Pierson, East Orange, N. J. 
L. V. Thayer, Minneapolis, Minn. 
F. K. Irvine, Chicago, 111. 

The President announced that in anticipation of the adoption 
of certain amendments proposed by the Executive Board, and 
unless objected to by the Convention, the Committee on Nomina- 
tion of Officers would nominate a V^ice-President for each of the 
following sections into which the Association had been divided by 
the Executive Board : 

Art and Architecture. 

Cement Products and Machinery. 

Insurance Laws and Ordinances. 

Reinforced Concrete. 

Streets, Sidewalks and Floors. 

Testing Cement and Cement Products. 

By reason of Mr. C. W. Boynton's unavoidable absence the 

presentation of his paper was deferred until Wednesday evening. 

The report of the Committee on Streets, Sidewalks and 
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Floors, George L. Stanley, Chairman, was read and discussed, 
with a view of finally agreeing on a standard specification. The 
committee deferred action in the matter until after the presenta- 
tion of the paper by C. W. Boynton on Specifications for Side- 
walks. The President announced that the Association should 
begin formulating a series of standard specifications covering the 
various branches of the cement industry for incorporation in the 
proceedings. A start could be made at the present convention 
and in time a book of approved standards could be gotten out 
which would be useful to everyone in the cement business. 



Second Session. — Tuesday, January 21, 1908, 8.00 P. M. 

Meeting called to order by the President, Richard L. 
Humphrey. 

\'ice- President M. S. Daniels invited to take the chair. 
The annual address was delivered by the President. 
The following papers were read and discussed : 

"Fundamental Principles of Reinforced Concrete Con- 
struction," W. K. Hatt. 
'Methods and Costs of Reinforced Concrete Construction 

with Separately Molded Members," W. H. Mason. 
'The Necessity of Continuity in the Steel Reinforcement 
of Concrete Structures." R. P. Goodrich. 
The meeting then adjourned until Wednesday at 10.00 A. M» 



if 



to 



Wednesday, January 22, 1908, 9.00 A. M. 

Meeting of Section on Concrete r>locks and Cement Products. 
President Richard L. Humphrey in the chair. 
The session was devoted to a topical discussion of the 
manufacture of concrete blocks. 



Third Session. — Wednesday, January 22, 1908, lo.oo A. M. 

President Richard L. Humphrey in the chair. 
The following papers and reports were read and discussed : 
Report of Committee on Testing Cement and Cement 
Products, E. S. Larned, Chairman, which was 
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referred back to the Committee for incorporation of 
amendments and to be reported to the Convention at 
a later session for adoption. 

Report of Committee on Machinery for Cement Users, 
M. Wetzstein, Chairman, was read, and on motion 
accepted by the Convention. 

Report of Committee on Art and Architecture, Charles 
D. Watson, Chairman, was read and approved. 
The Committee was instructed to carry out the sug- 
gestions contained therein. 

Paper of Robert W. Lesley, "Co-operation : What it is 
and What it can Accomplish." 
The meeting was then declared a business session. 

Report of the Executive Board and the minutes of the 

meetings of the Executive Board were adopted as 

read. 

The following amendments to the By-Laws proposed by the 

Executive Board were adopted and ordered sent out for letter 

ballot : 

Amend Article II by inserting after Section i the fol- 
lowing : 

"Section 2. There shall be an Executive Committee of 
the Executive Board consisting of the President, Sec- 
retary, Treasurer and two of its members, who shall 
be appointed by the Executive Board." 

Insert after Section 7 : 

"Section 9. The Executive Committee shall manage 
the affairs of the Association during the interim 
between the meetings of the Executive Board." 

Amend Section 8 to read : 

"Section 10. The Association shall be divided into 
such sections as the Executive Board may determine 
by the enrollment of members of the Association in 
such sections as they may choose. The Chairmen of 
these sections shall be reported by the Committee on 
Nominations of Officers to the Association for election 
as Vice-Presidents of the Association at the general 
election. Standing committees of four additional 
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members each shall be appointed by the President of 
the Association in consultation with the respective 
chairmen to aid them in their work/' 

Amend Section 9 so as to read : 

"Section ii. At the first regular session of the Annual 
Convention the President shall announce the Com- 
mittee on Nomination of Officers, and the Committee 
on Resolutions. These committees shall be appointed 
by the Executive Board." 

Renumber Sections 2, 3, 4, 5, 6, 7 and 10. 

Amend Article III by adding: 

"Section 2. The Executive Board shall meet at least 
twice each year, the time and place to be fixed by the 
Executive Committee." 

Amend Article IV by striking out Section 4. 

The place for the next convention was considered, and invi- 
tations were extended on behalf of Atlantic City by George S. 
Lenhart ; on behalf of the city of Louisville, by Robert C. Morris, 
and of the city of Chicago, by Curt M. Treat. The matter was 
referred to the Executive Board for action. 

The question of providing additional funds for carrying on 
the work of the Association through the medium of contributing 
members was thoroughly discussed, and the following resolution 
was unanimously adopted : 

That a committee be appointed by the President for the 
purpose of suggesting ways and means for immediately 
securing additional funds for the work of the Asso- 
ciation. 

The President then appointed the following committee, to 
be further enlarged as he deemed desirable: 

Robert W. Lesley, Chairman. Philadelphia, Pa. 
Edward D. Boyer, Catasauqua, Pa. 
John E. Conzelman, St. Louis, Mo. 
Robert C. Morris, Louisville, Ky. 
Mentor Wetzstein, South Bend, Ind. 

The Committee on Nominations for Officers reported the 
following to serve for the ensuing year: 
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President, Richard L. Humphrey, Philadelphia, Pa. 

First Vice-President, Merrill Watson, East Orange, N. J. 

Second Vice-President, M. S. Daniels, Suffern, N. Y. 

Third Vice-President, S. D. Newberry, Sandusky, O. 

Fourth Vice-President, George C. Walters, Atlanta, Ga. 

Art and Architecture, Charles D. Watson, Pittsburgh, Pa. 

Cement and Cement Products, O. U. Miracle, Minne- 
apolis, Minn. 

Insurance Laws and Ordinances, W. H. Ham, Youngs- 
town, O. 

Reinforced Concrete, San ford E. Thompson, Xewton 
Highlands, Mass. 

Streets, Sidewalks and Floors, W. W. Schouler, Newark, 
N. J. 

Testing Cement and Cement Products, K. S. Larned, 
Boston, Mass. 
Mr. Miracle withdrew in favor of A. T. Bradley, and the 
officers thus nominated were unanimously elected, the Secretary 
casting the ballot. 

The Convention then adjourned until 8.00 P. M. 



Fourth Session. — Wednesday, January 22, 1908, 8.00 P. M. 

President Richard L. Humphrey in the chair. 
The following papers were read and discussed : 
"Factory Made Concrete,*' Charles D. Watson. 
"Exposed Selected Aggregates in Monolithic Concrete 

Construction," Albert Moyer. 
"Concrete as a Plastic Material," E. B. Green. 
"Specifications for Cement Sidewalks," C. W. Boynton 
(read by Mr. Kinney). 
The Convention then adjourned until Thursday morning at 
10 o'clock. 



Thursday, January 23, 1908, 9.00 A. M. 

Meeting Section on Streets, Sidewalks and Floors. 
President Richard L. Humphrey in the chair. 
The session was devoted to a consideration of the report on 
Standard Specifications for Sidewalks. 
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Fifth Session. — Thursday, January 23, 1908, 10.00 A. M. 

President Richard L. Humphrey in the chair. 

Report of Committee on Standard Specifications for Side- 
walks, George L. Stanley, Chairman, was read, discussed and 
referred back to the committee for revision of the specifications 
to be resubmitted to the convention at a later session. 

The following papers were read and discussed : 

"Progress in Manufacture and Use of Cement Build- 
ing Blocks," J. W, Pierson. 

"Proportioning and Mixing Cement Mortars and Con- 
cretes," Leonard C. Wason. 

"Use of Concrete in Reclamation Service Work," E. T. 
Perkins. 

"Waterproofing Concrete Structures/' James L. Davis. 

The Convention then adjourned until 10.00 o'clock Friday, 
January 24, 1908. 



Friday, January 24, 1908, 9.00 A. M. 

President Richard L. Humphrey in the chair. 
This session was devoted to a topical discussion of steam 
curing, concrete roads and waterproofing concrete. 



Sixth Session. — Friday, January 24, 1908, 10.00 A. M. 

President Richard h. Humphrey in the chair. 
The following papers were read and discussed: 

"The Unit vs. the Loose Bar System of Reinforced Con- 
crete Construction/' Emile G. Perrot. 

"Metal Forms in Reinforced Concrete Construction/' 
W. L. Caldwell. 

"I'niversal Forms in Concrete Construction," J. F. 
Svvinnerson (by title). 

The report of the special committee on ways and means 
for securing funds through contributing members, 
appointed by the President at the third session, was 
presented by Edward D. Boyer. The report stated 
that the committee had elected Mr. O. U. Miracle 
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Treasurer to receive funds raised through the $25.00 
per annum dues of contributing members. 

The Convention then adjourned until 8.00 P. M. 



Seventh Session. — Friday, January 24, 1908, 8.00 P. M. 

President Richard L. Humphrey in the chair. 

The following papers and reports were read and discussed: 

"Reinforced Concrete from the Contractor's Point of 
View," H. H. Fox. 

Report of Committee on Fireproofing and Insurance, 
William L. Bailey, Chairman, was read, accepted as 
a report of progress and placed on file. 

Report of Committee on Laws and Ordinances, H. C. 
Henley, Chairman, was read and placed on file. 

"Progress in the Investigation of Cement Mortars and 
Concretes in the Structural Materials Testing Labor- 
atories of the United States Geological Survey, St. 
Louis, Missouri," Richard L. Humphrey. 

The meeting was then declared a business session. 

Report of Special Committee appointed by the President 
at the third session, on ways and means of securing 
funds through contributing members, presented by 
Edward D. Boyer at the sixth session, was discussed, 
and on motion accepted, and the committee continued. 

Report of Committee on Streets, Sidewalks and Floors, 
George L. Stanley, Chairman, which was referred 
back for the incorporation of amendments made by 
the convention, was presented and adopted. 

Report of the Committee on Testing Cement and Cement 
Products, E. S. Lamed, Chairman, which report was 
referred back to the committee for the incorporation 
of changes made by the convention, was presented 
and adopted. 

It was ordered that the Specifications for Hollow Cement 
Blocks and Sidewalks, as amended, be referred to the 
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Executive Committee with instructions to have them 
printed in separate form for distribution. 
Report of the Committee on Resolutions, Robert W. 
Lesley, Chairman, was then presented by F. K. Irvine, 
and on motion, the following resolutions were unani- 
mously adopted by the convention: 

1. Resolved, That the thanks of this Association be 
extended to his Honor, J. N. Adam, Mayor, the Board 
of Aldermen, the Commissioner of Public Works, the 
Superintendent of Buildings and other officials of the 
city of Buffalo for the official recognition and hearty 
welcome to the officers and members of the National 
Association of Cement Users upon the occasion of 
the Fourth Annual Convention. 

2. Resolved, That this Association hereby expresses its 
appreciation and thanks to the Automobile Club, the 
University Club, and the chairman and members of 
the Local Committee of the City of Buffalo, for the 
courtesies extended and the co-operation and assist- 
ance rendered to the officers and members of the 
National Association of Cement Users on the occasion 
of the Fourth Annual Convention. 

3. Resolved, That the thanks of the Association be 
hereby extended to the Exhibitors, the local press of 
the city of Buffalo and the technical press of the 
United States for their liberal notices and support 
which contributed in no small measure to the success 
of the Fourth Convention of the National Association 
of Cement Users. 

4. Whereas, This Association recognizes the great need 
of continuing the work of the Structural Materials 
Testing Laboratories of the United States Geological 
Survey, St. Louis, Mo., and still further appreciates 
the great value of the results thus far obtained to the 
whole country, therefore 

Be it resolved, That this Association petition the Con- 
gress of the I'nited States to appropriate the sum 
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of one hundred thousand dollars ($100,000) for con- 
tinuing this work during the ensuing fiscal year, and 

Be it further resolved, That each member of this Asso- 
ciation assume the personal responsibility of writing 
to the members of Congress in his district with a 
view of securing their support. 

5. Resolved, That the thanks of this Association be 
hereby extended to its officers who have served so 
faithfully during the past year, and especially does 
the National Association of Cement Users desire to 
place itself on record as appreciating the untiring 
labor and unceasing energies of our President, 
Richard L. Humphrey, whose personal efforts have 
contributed more than those of any other person to 
the great progress that this Association has made, and 
be it further 

Resolved, That it is the sense of this Association that 
the President should be fully reimbursed for the 
actual traveling, incidental and other expenses 
incurred in attending to the work of this Association, 
and that a sufficient sum of money be appropriated 
to cover these expenses, providing the funds of this 
Association are sufficient. 

The President was instructed to appoint a Committee 
on Publicity for the purpose of promoting the interests of the 
Association, securing additional members and performing such 
other duties as the President may determine.* 

The Convention was then adjourned sine die. 



* The President appointed the following committee, to be increased from time to 
time, as deemed desirable: 

P. Austin Tomes, Chairman; O. U. Miracle, J. P. H. Perry, I^. A. Pratt, Maxi- 
milian Toch. 
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opinions advanced in its publications. 



THE YEAR'S PROGRESS IN THE CEMENT INDUSTRY 
AND THE WORK OF THE ASSOCIATION. 

Annual Address by the President, 
Richard L. Humphrey, M.Am.Soc.C.E.* 

It annually becomes the duty of your presiding officer to 
deliver an address, and at times this can best be utilized as an 
opportunity to present to the Association matters worthy of 
serious consideration. 

In view, however, of our extended program, replete with 
subjects of interest, it is expedient that I should speak briefly 
concerning such matters as seem to me especially important. I 
will, therefore, indicate briefly the problems that have received 
special consideration and refer to the progress made in the use 
of cement since our last convention. I shall also bring to your 
attention matters that have developed during the three years in 
which I have had the honor to be your President. In view of the 
fact that the development of the cement industry has been so 
rapid, it is not surprising that the growth of an Association 
concerned with its use should be equally so. While cement is 
not a new material, its use extending back to many thousands 



* Consulting Engineer. Harrison Building, Philadelphia, Pa. 

(M) 
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o^ years before the Christian era, it has many new applications 
in construction work. 

All these facts have been brought to your attention in 
previous annual addresses and should, therefore, be very familiar 
to you. The frenzied efforts made to use cement in constructive 
work, without adequate knowledge of proper structural methods, 
have resulted in much harm, but, fortunately, there has been 
a turn towards conservatism, which has effectually checked this 
tendency and real progress is now being made. Many obstacles 
are being overcome and probably the greatest will be removed 
when the discriminating and antiquated municipal laws which 
exist in so many of the larger cities of this country, with their 
unjust and absurd limitations concerning the use of concrete, 
have been replaced by rigid but just revisions based on our present 
knowledge. I think it is an encouraging fact that municipalities 
are quite as earnest in their efforts to secure a revision of these 
existing laws as are those interested in the material against which 
they discriminate. The cause of concrete will be materially ben- 
efited by the adoption of laws that will prevent criminal con- 
struction by irresponsible parties. 

One of the greatest handicaps in the development of the 
use of cement for constructive purposes has been in the wide 
dissemination of claims by over-zealous enthusiasts that concrete 
structures can be erected by unskilled laborers. This fallacy 
is being rapidly removed and the friends of concrete should em- 
phasize the fact that, like any other building material, it must be 
carefully and intelligently handled in order to produce the best 
results. It is also to be regretted that the frank statements on 
matters pertaining to this subject by qualified authorities should 
be maliciously distorted by the advocates of other building 
materials, who feel that they are being injured by its increased 
use. But, in spite of these hindrances, concrete is being used 
more largely each year, and those who attempt to block this 
development find that, like a boomerang, such action is reacting 
to their own injury. 

The creation of the office of Inspector of Concrete by 
municipalities for the purpose of enforcing the building laws 
is another hopeful sign and marks the best progress that has been 
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made during the year. It should not be forgotten that the ex- 
istence of these inspectors, whose tenure of office is dependent 
on political conditions, can be of no great service, except insofar 
as it serves as a constant reminder of the care that should be 
exercised in building construction. 

Another line of development desirable in the revision of our 
building law lies in provisions which result in more fireproof 
structures. The study of the fire losses of the world afford much 
food for thought. The per capita losses from fire in this country, 
extending over a period of five years in 252 American cities, 
amount to over $3.10. as against an average per capita loss of 61 
cents in 43 of the principal cities of Europe. While we spend large 
sums of money yearly fighting fire, foreign countries spend mate- 
rially lesser amounts in enforcing laws which will prevent such 
fires. In the introduction to our consular reports on "Insurance in 
Foreign Countries," there appears the statement that "In Europe 
the fire insurance laws are remarkable, chiefly because they com- 
pel insurance in some countries, while in all cities they prevent 
great losses by insisting on the erection of only stone and brick 
buildings. The fire department systems are ridiculously inade 
quate as compared with those of American cities, yet the net 
results are better. There is nothing in which American municipal 
government makes so unfavorable a showing, in comparison with 
those of European cities, as in all that relates to the construction 
of buildings and the enforcement of regulations which minimize 
the danger of losses of life and property by fire." 

At times great conflagrations arouse public sentiment against 
faulty methods of construction, but the inadequacy of municipal 
laws prevents any real progress being made as the result of the 
lessons that such disasters teach. The San Francisco fire, in three 
days, caused a loss to the many insurance companies who were 
doing business in that city which exceeded their profits for many 
previous years. Had the buildings in that city been properly 
constructed under adequate building laws, such a condition would 
have been impossible. 

No material is absolutely fireproof, the fire resistive qualities 
of the materials of construction is a question of the degree of 
temperature to which they are subjected, but, of all materials 
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of construction, concrete affords one of the best for such purposes. 
The continued use of materials which have been shown to be 
inferior in the construction of so-called "fireproof" buildings in 
our large cities, and the continuous discrimination against mate- 
rials known to possess superior qualities, is a matter of constant 
wonder. There is a fallacy which is quite prevalent and which 
should be removed, and that is the feeling that concrete, in itself 
a fireproof material, requires no protection against fire when used 
as a structural material. The same protective coating of concrete 
should be applied in the case of a structure of concrete as would 
be required in case of a similar structure of steel. 

The revision of building laws providing for rigid inspection 
of materials and structures by competent persons is most earnestly 
desired and is a remedy which should be generally applied. 

Concrete, by reason of being a comparatively new material, 
especially as far as its application for structural purposes is con- 
cerned, receives greater attention than all .the other building 
materials, and it is not surprising, therefore, that any damage 
which occurs in the construction of such a structure should gain 
the widest publicity, while structures of other materials which 
collapse, rarely receive passing attention. We cannot emphasize 
too strongly the fact that it is only during construction that 
concrete collapses occur, and that such collapses are almost 
invariably occasioned by improper design, workmanship or mate- 
rials. Concrete structures once completed do not collapse, but 
stand as monuments of durability, strength and economy. The 
enemies of concrete are continually endeavoring to create 
distrust and a feeling of insecurity concerning completed struc- 
tures by suggesting the possibility of collapse. Fortunately, the 
ever-increasing and numerous structures of concrete entirely sat- 
isfactory in every way tend to disprove the statement and remove 
the feeling of distrust. I believe that all fair-minded persons 
now realize that the dangers in the use of this material do not 
differ from those connected with other building materials, and 
exist only during the process of construction. On the whole, 
I think we may congratulate ourselves on the progress made in 
the firm entrenchment of concrete as a permanent, cheap and 
reliable material of construction. 
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So, too, in our own Association, we have cause to feel grati- 
fied that it has been equally successful in becoming a valuable 
and permanent organization and has already performed an inval- 
uable task in disseminating a knowledge of the proper use of 
cement through conventions and proceedings and the practical 
demonstrations of the uses of cement at its annual exhibitions. 
The best field of the Association lies in advancing and devel- 
oping the practical problems involved in the use of cement. It 
has a field of its own in bringing theory and practice together, 
reconciling the differences which may exist, thereby enabling the 
theoretical man to better appreciate the practical problems in- 
volved and bringing the practical man to the proper appreciation 
of the value of theory. The membership should comprise, as it 
does at the present time, the engineer and the architect, the manu- 
facturer and the contractor and his assistants. 

The Association needs larger funds for its work in order 
that those things which your Executive Board finds so necessary 
for the good of the'Association, may be accomplished quickly and 
effectively. The Association needs an annual fund made up of 
contributions from the corporate interests composing a portion of 
the membership of this Association, a fund annually guaranteed 
and adequate for the Association's needs. This would permit the 
employment of paid assistants, who would devote their entire time 
to the work. By this means, the membership could be materially 
enlarged and the funds from the additional dues would gradually 
render the support of contributing members unnecessary, and 
eventually they could be relieved of their obligations. I think the 
development of this Association, as shown by its membership list, 
has been marvelous. The net result of the convention of 1905 was 
161 members; that of 1906, 218; of 1907, 450, and I believe the 
result of this convention will be nearly 1,000. There is no reason 
why this membership should not be many thousands. 

The proposition to acquire additional revenue through an 
increase in the dues is, in my judgment, unwise. Let us main- 
tain our dues as at present, so that everyone interested in the 
cement industry can afford to be a member. 

We want, above everything else, to maintain this Association 
as a clearing house for practical ideas. We want to be able to 
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publish the results of our annual deliberations promptly so that 
those members who are unable to attend our conventions may be 
able to secure the papers and discussions at the earliest possible 
moment. It is not dignified for the officers of this Association to 
be compelled to secure funds for this purpose by soliciting 
advertising. 

The loyal support of our members and exhibitors at our 
annual convention is a matter of great gratification and especially 
should we feel grateful to the technical press for their ever 
hearty and unselfish espousal of the cause of the Association. 
The Association exists purely as an educational medium; this, 
also, is the purpose of our technical papers. The cause is a 
common one, and it is natural that these mutual interests should 
result in powerful co-operation. All the interests united in this 
cause stand together for power and truth. If for one moment 
we falter or pull apart, our cause will, in a large measure, be lost. 

The officers of this Association at the present time serve the 
Association at a personal sacrifice and with unselfish devotion. 
It is not fair that so much of their time and money should be 
required. The large sums of money which are annually expended 
by exhibitors are small in comparison with the yearly sacrifices of 
these officers. 

In conclusion, I wish to say that, in my judgment, the future 
success of this organization depends upon the employment of men 
who can devote their whole time to the work. Such assistants 
should be under the direct guidance of the President, who is the 
executive head of the organization, and is the medium through 
which the will of the Association can be carried out. 

This Association must grow, and we must meet these new 
demands. The magnificent exhibition of 1908 testifies to its use- 
fulness and means should be provided for its larger development 
on business principles and on broader lines. 



TESTS OF REINFORCED CONCRETE HOLLOW TILE 

FLOOR SPANS. i 

By W. K. Hatt.* 

This paper describes an exercise given to the Senior Class 
in Civil Engineering at Purdue University in the course of 
Reinforced Concrete. 

Two sections of hollow tile reinforced concrete floors were 
constructed, of 20-foot and 9-foot spans respectively, by the 
members of the class and loaded with pig-iron, at the end of 
one month, until failure occurred. The usual observations for 
deflection were taken. Part of the class made a test of the 
20-foot span; the other, the 9-foot span. 

The pig-iron was piled on the slabs in the manner usual in 
such tests, and afterwards, the arching action of the pig-iron 
was investigated by a special test. 

It is well-known that a load of pig-iron tends to arch after 
a certain height is attained. By this arching action, the center 
of the beam is relieved from that part of the load that is trans- 
ferred by the arch in the pig-iron towards the ends of the span. 
The stresses in the end of the spans are, however, not relieved. 

Indeed, after a certain height of pig-iron is reached, the 
load may be increased indefinitely without much further effect 
upon the center of the beam. It turned out, by special tests for 
arching action, that the pig-iron began to arch when its height 
was about one-third of the span. 

A further exercise of the students was to report the results 
of the tests. The report included design of slab, observations 
taken, diagrams of the results of tests, and computation of 
stresses arising in the different elements of the beam. 



• Professor of Civil Engineering, Purdue University, Lafayette, Ind. 

88 



Hatt on Tests of Floor Spans. 



29 



Test op the Floor Spans. 

Twenty-foot span. — Fig. i shows the design of the 20-foot 
span for a live load of 100 pounds, with the working stress as 
follows : 

Tension in steel 16,000 lbs. per sq. in. 

Adhesion 75 " *' " " 

Shear, in concrete 75 " " " " • 

Compression in concrete 750 " " " " 
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FIG. L — DESIGN OF TYPICAL REINFORCED CONCRETE FLOOR SLAB. SPAN 20 FEET. 



Eight-inch tile were spaced i6j4 inches centers, allowing 
a 4^-inch rib between the tile; the latter were covered with 
3 inches of 1-2-4 stone concrete; over this was placed the usual 
filling of 2j4 inches of cinder concrete of mixture of i cement, 
10 cinder. This cinder concrete was not supposed to add to the 
strength of the beam. The ribs contained three ^-inch round 
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steel bars, one of which was bent up. One-half-inch stirrups 
were also introduced, 

A design of 12-inch tile and 2 inches of concrete would have 
been more suitable, but the 8-inch tile were on hand and were 
used. 

Figs. 2, 3 and 4 show the span under test. Table I shows 
the log of test. Fig. 5 shows curve of relation between loads 
and deflections, from which it appears that at a total load of 



FIG, 2, — StUDENTS AT PURDUE UNR'EKSITV MAKING A REINFORCED CONCRETK 
FLOOR SPAN. 

510 pounds per square foot the floor began to yield, due to a 
stretching of the steel, and at 710 pounds per square foot the 
maximum load was reached. Fig. 6 shows a view of the failure, 
which was one of tension in -the steel. 

In other words, the steel continued lengthening, until the 
floor span was let down near the ground. There was no sign 
of failure at the ends of the beams, either of shear or pulling 
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FIG. 3.— REINFORCED CONCRETE FLOOR SPAN UNDER TEST AT PURDUE UNI' 
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out of the rods. Table II shows the results of calculations, and 
.Chart I shows the formulas used in the calculations. 

The latter involve no consideration of tensional stresses in 
the concrete in determining the amount of resistance. The effect- 
ive depth of tiie beam, that is, the distance from the steel to the 
center of gravity of the compressed area, is taken as 0,87 times 
the <Iepth from the top of the slab to the steel. 

Test of 9-F00T Slab. 
Fig. 7 shows the design of the 9-foot span. Four-inch tile 



were covered with 2 inches of concrete and spaced 16 inches 
centers. The ribs were 4 inches wide; they contained two 
J^-inch bars, one of which turned up; 2j^ inches of cinder 
concrete covered the slab. In the 9 and 20-foot spans, J^-'i'^'i 
shrinkage bars were spaced about 3 feet centers. 

Fig. 8 shows the slab under test. Table III shows the log of 
test. Fig. 9 shows the relation between the loads and deflections 
in the test. A load per square foot at the time when the steel 
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began to yield was 660 pounds, and 877 at maximum. The 
failure was similar to that shown in the case of the 20-foot span. 

Test to Determine the Arching Action 01' Pig-ikon. 
To determine the amount of arching action of the pijj-iron 
and load against bending at the center, the following scheme 
was used. Wotxien beams were selected that under the same 
loads would give approximately the same deflections as were 
observed in the tested slabs. (It turned out that the beams 
were only about one-half as stiff as the slabs were during the 



via. 8,— NINE-FOOT SPAN UNDER LOAD. 

earlier part of the test.) The beams were loaded in the (esting 
machine under a center load and the modulus of elasiicity 
determined. The elastic limit of the wooden beams was not 
exceeded. By this operation, the load required to cause a given 
deflection in the wooden beams was known by actual trial. 

The wooden beams were then set up and loaded with the 
pig-iron in the same manner as in the case of the tesis of the 
floor slabs, and the deflections of the wooden beams under the 
pig-iron loads were observed and noted. From these deflections 
one could work back to determine the effective load of pig-iron 
causing these deflections. If there were no arch action, the 
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effective pig-iron load would be equal to the actual load of 
pig-iron ; if there were arch action, a discrepancy between these 
two loads would be noticed. As far as the behavior of the 
wooden beams is concerned, it is evident that the relation 
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FIG. 9. 



between the load of pig-iron and the deflection of the beams 
w^ould change at the time of the bcgitming of the arch action ; 
the wooden beams would apparently stiffen. These changes are 
brought out in Figs. 10, 11 and 12. Three spans were tested for 
arch action — 15-foot span, 12-foot span and 9-foot span. 

Rksults ok Tkst to Dktermink Arch Action. 

Fifteen-foot span, — Fig. 10 shows the curve of relation 
between load of pig-iron on wooden beams and their deflection. 
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At a height of 50 inches of pig-iron, there is indication of arching 
at a ratio of the height of the pig-iron to span of 0.266, that is, 
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the pig-iron began to arch at the height equal to the span divided 

by 37- 

Arch Action in 12-foot Span. — Fig. 11 shows the curve 
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showing relation between loads of pig-iron and deflections of 
wooden beams. At ratio of height of pig-iron to span of 0.28, 
arching action had not begun. 

Arch Action in (^-foot Span, — Fig. 12 shows the curve of 
relation between the loads and deflection. At a ratio of height 
of pig-iron to span of 0.375, ^^^^ action began, or when the 
height of the pig-iron was about one-third of the span. After 
a height of 52 inches, or a load of 650 pounds per square foot, 
further imposition of load has little effect on the deflection of 
the beams. 

Application of Tests for Arching Action to Tests of 

Floor Spans. 

Twcnty-foot Span. — Assuming that a ratio of height of 
pig-iron to span of i : 3.7 brought about arch action, the gross 
loads under test should be reduced when the height of pig-iron 
reached 64.8 inches, or a live load of pig-iron of over 800 pounds 
pig iron per square foot. Since the depth of pig-iron did not 
exceed 64 inches, no arching action is to be accounted for. The 
stresses computed in this floor span under test are as follows: 

Yield PoinL Maximum. 

Load (dead plus live) 520 lbs. sq. ft. 730 lbs. 

Stress in steel 38,700 " " in. 54400 " 

Bond in steel ,.... 122 " " " 172 " 

Compression on concrete 2.160 " " ** 3.040 " 

Shear on concrete 194" " ** 270 " 

The compressive stresses on the concrete are computed by 
distributing the compression over an area equal to the width of 
flange between the center of the tile times the depth of concrete 
above the tile. The maximum compressive stress is taken as 
twnce the average thus obtained. This is approximate, and 
yields results that are higher than the stress which exists. The 
latter is no doubt distributed more uniformly over the flange. 

Tests of Q'foot Span, — The arch action in this case may be 
expected to begin when a load of J^ x 108, or 36 inches depth 
of pig iron, or 450 pounds per square foot, is applied. Perhaps 
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the greatest depth that would produce any increased moment 
would be 52 inches, or 650 pounds per square foot. 

Under test of the 9-foot span, the yield point of the steel 
occurred at a load of 660 pounds per square foot. Of this, 60 
pounds was dead load. The maximum load was 887 pounds per 
square foot, of which 60 pounds was dead load. The correction 
due to arching action of the pig-iron at 600 pounds per square 
foot will not be greatly different from 50 pounds per square 
foot, making the effective load 550 live + 60 dead := 610 pounds 
per square foot. The maximum load of 817 should be reduced by 
175 pounds per square foot, to allow for arching action, leaving 
642 effective live load, plus 60 dead load, or a total of 702 pounds 
per square foot. 

Using these values, we have the following stresses in the 
test of the 9-foot span: 

Load per sq. ft. Yield. At maximum. 

Gross 660 877 

Corrected 610 702 

Stress in steel lbs. per sq. in 60,000 69,000 

Bond stress lbs. per sq. in 290 385 

Compression in concrete 1420 1,880 

Shear in concrete 227 303 

It is to be noted that in the 9-foot span and 20-foot span, 
the shearing resistance in the ribs near end of the beam may 
be expected to be high, on account of the support given to the 
rib by the corrugated hollow tile, which adhere to the ribs. 

In the case of the 9- foot span, the stress in steel at yield 
point certainly figures out too high. Whether this results from 
a more favorable position of the neutral axis in the actual test, 
or whether a combination of cinder and pig-iron has the effect 
of increasing the effective depth of the slab, is a question to 
which the writer has no answer. 

The bond stresses and shearing stresses, however, are not 
affected by this arching action. 

The above results are presented to show the work of 
students, and also as being of some value in application to design. 



DISCUSSION. 



Mr. E. J. Case. — I would like to ask how the hollow tiles 
under the concrete floor are supported. Are the trussing rods 
Detween the tiles? Were the tiles corrugated? 

Mr. W. K. Hatt. — ^The tiles are supported by contact 
between the concrete and the sides of the tile. The concrete 
sticks to the tile so well that in order to be removed it must be 
diiseled off. Tiles are simply laid on the lagging in construction, 
and when the concrete is poured in, there is an adhesion between 
the concrete ribs and the sides of the tile. The trussing rods 
are between the tile, but do not hold up the tile. The tiles have 
a slight corrugation, perhaps 1/16 inch, and are of unglazed, 
porous terra cotta, the web being about ^ inch thick. 

A Member. — I understood you to say that the compression 
was not a question that need to be considered seriously. What 
compression do you figure safe ? 

Mr. Hatt. — The usual compression allowed is from 500 to 
750 lbs. p. sq. in. It is my opinion that any amount of steel 
below V/i per cent, will not strain the concrete in compression 
to a danger degree, and ordinarily when you have i^ per cent, 
of steel you are beyond the economical limit of the use of 
steel. It is only in special cases, as for instance, where you 
have a T-beam passing over a girder, and continuous, where 
compression is serious and needs to be a determining factor in 
design. 

Mr. E. S. Larned. — Is there anything on record, or any rea- 
son to lead us to believe that the terra cotta tile would suffer the 
same injury in this type of construction that it does in the 
ordinary fireproofing, where the terra cotta blocks are used in 
substitution for concrete? 

(46) 
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Mr. Hatt. — A company that has put in a large amount of 
this type of construction, cites the case of a fire in Rochester, 
N. Y., where a garage passed through a very intense conflagration 
without injury. In single buildings, as in our case, separated 
from others, on a campus, we do not anticipate any conflagration 
serious enough to injure the floors. 

Mr. Larned. — Is it not a fact that the walls of the terra 
cotta blocks have the support of the concrete on either side, which 
might, in a way, be a safeguard against the effect of heat? 

Mr. Hatt. — I think the webs would crack if the tile reached 
the same temperature as in an ordinary building. I do not think 
that temperature would be reached, because the concrete ribs 
would prevent the passage of the heat up to the webs. 



MKTHODS AND COSTS OF REINFORCED CONCRETE 

CONSTRUCTION WITH SEPARATELY 

MOLDED MEMF'>ERS. 



By William IL Mason.* 

The method of constructing mill buildings by casting the 
members separately and erecting them after they have become 
sufficiently hard to handle has been followed by our company 
for somewhat over a year. During this time we have built two 
kiln buildings and one clinker storage building. 
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FIG. I. — GENERAL PLAN AND END ELEVATION. 

This paper is an attempt to describe a cement storage build- 
ing, from which although not yet completely erected, we can 
give better details, photographs and costs than on any of the 
previous buildings. All of the members for the building are 
made, and now it only remains to finish the erection, and a part 
of the side walls. 

Fig. I shows a general plan and end elevation. It is de- 
signed to hold 350,000 barrels of cement ; the overall dimensions 
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are 144 feet by 360 feet by 30 feet high. On account of the enor- 
mous pressure of cement when stored in bulk, the side walls were 
made in place by the usual method, and are 7 feet thick at the 
ground line. One end of the building contains 12 bins, the walls 
of which were also made in place. The columns, girders, and 
roof slabs were cast about half a mile away and brought to the 
building on railroad cars for erection. The roof, which has an 
area of over 50,000 square feet, is made of concrete slabs 12 
feet by 6 feet by 4 inches thick. These are supported by con- 



crete girders, which in turn are carried by the columns. There 
is also an additional row of girders and columns on one side of 
the building for the purpose of carrying the conveyors, etc., which 
deliver cement into the building. 

For the completed building, there is a total of 141 columns. 
187 girders and 720 roof slabs. 

In preparing to cast the members, we set up a one-half yard 
Ransome concrete mixer at a place convenient for getting stone, 
and then ran a spur track to it, which was connected to the 
main line of railroad by a switch. On each side of the spur track. 
which was on practically level ground, we leveled off beds and 



50 Mason on Separately Molded Members. 

put 4 inches of cinder on them; then the cinder was wet down 
and rammed, and concrete 4 inches to 5 inches thick placed on it. 
The surface was leveled off and smoothed with a trowel. These 
casting floors or beds were made of various sizes to suit the mem- 
bers which were to be made on them ; the usual size was 10 feet 
by 50 feet. We had figured that these casting floors would be 
much cheaper than floors made of lumber. This was borne out 
by the cost records, which show the beds to cost 4 cents per 
square foot. This compares very favorably with an account I 
saw recently of some slabs which were cast in Chicago for street 
crossings for the Chicago, Burlington & Quincy Railroad. The 
Knnber alone for the floors cost 20 cents |Der square foot. 

Fig. 2 shows the style of forms used for the columns, 
girders and roof slabs. 

The column forms were made of 2-inch lumber planed one 
side and two edges. They were made 20 inches deep, 2 inches 
deeper than the columns, so that in setting up on top of a column 
previously cast, it would clamp 2 inches on the lower column, 
which would facilitate setting the forms. The yokes used were 
2x6 inches, as shown, with a spreader at the top and a ^-inch 
bolt through just above the form. We made altogether seven 
column forms, and with these cast 141 columns. The forms are 
in good condition now, and could easily be used for as many 
more columns. 

The girder forms are built just like the column forms, and 
used in the same manner. Only five girder forms were made, 
and with these we cast 187 girders. Frequently we cast girders 
with no forms of lumber, and sometimes we used one-half of a 
form only, as will be seen in some of the following photographs. 

The roof slab forms are somewhat different. These are made 
8 inches deep with the upper half identical with the lower half, 
except that it is offset 4 inches endways. The upper 4 inches is 
the form proper, while the lower 4 inches is used to clamp on the 
slab below. The offset is made to enable us to lift the slabs after 
they are cast. The bevel strips are put on to give the edges of 
the slab a taper so as to have a place for calking to make a 
weather-proof joint. Twenty-eight of these forms were made, 
and Ave have already cast 720 roof slabs, and as we have adopted 
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a 6 f<et by 12 feet by 4-inch roof slab as a standard, wc expect lo- 
use the forms for many more castings. 

Fig. 3 shows the details of the columns, girders and roof 
slabs; also the method of making the joints where the various 
parts are assembled. 

The columns are 32 feet long and 18 inches square, with 
two knee braces extending 18 inches at the top. The reinforcing 
consists of 4 ?^-inch high carbon twisted steel rods, with hoops 
of >4-inch steel spaced 9-inch centers. The foundations for 



FIC. 3.— OETAIUS OF DESIGN. 

each column were 5-foot cubes made in place with the socket 20 
inches stjuare. The depth of these sockets was left low, and 
after all foundations were in we grouted up the bottom to the 
proper height. By this method we make the slope on the roof, 
which has a pitch of l foot in 150 feet ; all columns were made the 
same length. The top of the foundation was reinforced to pre- 
vent breaking out. Two pieces of pipe were cast in the top of 
columns for bolting on the plates which hold the column and 
girder Ic^ether. 

The girder is of straight rectangular form 24 feet by 2 feet 
2 inches by i foot thick, reinforced by 4 ^-inch high carbon 



52 Mason on Separately Molded Members. 

twisted steel rods with hoops, and two small rounds in the top 
as shown. Pipes were cast in the ends for fastening to the 
columns and 2 inches by 2 inches wood blocks set in at intervals 
for the purpose of connecting electric wires. 

The roof slabs, as before stated, are 6 feet by 12 feet by 4 
inches thick, reinforced with 12 ^-inch square rods in the line of 
its supports. We also used 5 ^-inch square rods crossways to 
hold slab together in handling. The edges are beveled J^ inch, 
making an opening of ^ inch at the top when the roof slabs are 
in place. 

In assembling the building, the column is first set in the 
socket, which has i inch clearance all around. It is plumbed, 
and then wooden wedges are driven in to hold it. A grout of 
one of cement and three of sand is then poured in. As soon as 
this sets sufficiently, the wedges are removed and the space 
filled with more grout. 

The tops of the columns and the bottom of the girders, 
where thev rest on the columns, are soaked with water for some 
hours before the girders are set in place. This is done by tying 
burlap on these parts and soaking it. Then a mortar of i to 3 
is put on top of columns, and the girders set in place, which 
squeezes out the mortar, making a perfect bed for itself. The 
roof slabs are then placed on the girders with a mortar joint the 
same as between column and girder. 

We have found with our mixture, which we made very wet, 
that it is not necessary to water-proof the slabs in any way, as 
they only show a little dampness for a short while, but the pores 
soon seal up, which leaves only the joint between the roof slabs 
to be taken care of. This is done by first calking the taper crack 
with oakum for about 2 inches deep. Then we clean and paint 
the edges, and fill the remaining 2 inches with a composition 
made of one-third coal tar and two-thirds cement, boiled together 
and applied while hot. This has proved to be entirely satisfac- 
tory, and is a very inexpensive filling. 

In addition to the mortar joint between the column and 
girder, we bolt on a 3^ -inch steel plate which connects the two 
girders to the columns. We believe this is unnecessary, but have 
put it on as an additional precaution. The roof slabs are not 
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fastened in any way, and we depend upon the mortar joint and 
their weight entirely. 

Fig. 4 shows the concrete mixer in position ; the spout into 
the top of the bin comes from a cwiveyor which carries the 
crushed cement rock to the stock house. We used the crushed 
cement rock straight from the crusher ; whenever the bin was low 
we put a scraper on the belt conveyor and scraped off enough to 
fill the bin. There is a small hopper over the concrete mixer 
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which holds just one batch of stone and cement. The car used 
for transporting the concrete is standing in position to be filled. 
It holds about 3 yards. 

Fig, 5 shows a general view of the yard and casting 
floors. In the foreground is shown a row of cohmms with 
girders cast between them, and the reinforcing for other girders 
which are to be cast, using the sides of other girders for forms. 

A lot of reinforcing for columns made up and wired 
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together ready to be set in the forms is shown in Fig. 6. These 
were made up by Italian labor, piece work, at 85 cents each. 

Fig. 7 shows the method used to prevent the slabs, etc., 
from sticking to each other. The Italian boy is applying a coat 
of ordinary whitewash. This was used throughout, and found 
to be very satisfactory. It is necessary, however, to put on quite 
a thick coat of it ; we usually put on two coats as a matter of 
precaution. 



In the background of this plate can be seen the two kiln 
buildings built after the same method. On these buildings we 
used sheathing paper as a separator. The objections to paper 
are that it sticks very closely to the concrete, and is hard to 
remove. Then it is hard to hold in position while casting if there 
is any wind. It also expands with moisture, and sometimes folds, 
leaving the concrete casting irregular. We thought of using a 
paraffined paper, which, of course, would do away with the 
spotted appearance of the castings. This, however, was not 
objectionable to us, as everything around a cement mill soon 
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comes to the same color. We, therefore, used the whitewash 
throughout. 

Fig. 8 shows the method of filling the slabs. First a few 
shovels of concrete are thrown in and spread so as to bring the 
steel within ^ inch of the bottom ; then the steel rods are laid 
on this, the gate on the car opened and the concrete flows out. 
The concrete is made very wet, and will flow readily. Slabs 
that were filled one day were white-washed the following morn- 
ing, and the forms raised. In the afternoon another slab was 
cast on top. 

Fig. 9 shows a set of girders and columns, some of which 
have been raised ready for loading. The columns here are cast 
3 deep ; in some places we cast them 4 deep. 

Another view of the columns is shown in Fig. 10. The hole 
in the end is for lifting column oflF of this bed. This is made by 
a piece of i^-inch pipe, which is removed after concrete has 
started to set. 

Figs. II and 12 show the storage and handling of roof slabs. 

Fig. 13 shows tlie crane lifting one of the columns free so 
as to get the column clamp attached ; the column clamp is shown 
on the left. 

Fig. 14 shows another view of handling columns. 

Fig. 15 shows a bed of girders; these girders go on outside 
of building and have bolts for fastening the machinery. The 
crane is in the act of lifting one of these by means of the hole 
cast in one end. 

Fig. 16 shows the crane setting one of the columns in its 
socket. You can see at the top of the column the clamp for 
holding it in a vertical position. The girder is lying alongside 
ready to be raised. 

Fig. 17 shows the crane placing a beam. 

Fig. 18 shows a few of the columns and girders in place 
on the outside of building. These columns carry heavy vibrating 
machinery, and for that reason cross bracing is put in on every 
third panel. 
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FIG. 17. — PLAQNC A BEAU. 



Mason on Separately Molded Members. 67 



68 Mason on Separately Molded Members. 

Cost of Construction. 

\Vc now come to the important part of all engineering 
structures — the cost. Accurate costs were kept of the cast mem- 
bers, which will be given later, but before going into these some 
general data in regard to making the 1.046 pieces necessary for 
the building will be given. 

The work on these cast members was started September 25, 
1907, and completed November 23, 1907; that is, it was all done 
in two months. Of course some preliminary work had been done 



KIC. 31.— FORMS KEMm-en FROM GIRDEKS. 

previously, such as setting up concrete mixer, laying railroad 
track, and making a few casting floors to start on. The average 
number of men employed during this time was 23. Eleven of 
these were classed as carpenters and foremen, whose average 
rate was 24 cents per hour; twelve were classed as laborers, 
whose average rate was 15 cents per hour. 

The lumber used for making the 1,048 pieces was 7,000 
board feet, which at $27 per M, makes a total of $189. 
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The total amount of steel used was 201,400 pounds, the aver- 
age price of which delivered at our mill was .0203 cents, or a total 
cost of $4,088. 

The mixture used was i to 6, using the run of. crusher stone 
straight without sand. The stone would all pass a ^-inch 
screen. 

In the following costs, the stone is figured at 60 cents per 
cubic yard, while the cement is figured at $1 per barrel. 

Cost of Each Column Complete on Casting Fwx)r. 

Cost of steel $ 8.57 

Cost of material for concrete 5.48 

Carpenter labor 4.27 

Labor, making and placing concrete and reinforcing 1.95 

Total per column $20.27 

The cost per cubic yard concrete without steel is $3.64. 

If these columns had been made of yellow pine at $35 per 
M and of the same dimensions, the lumber alone would cost 
$33-6o, as compared with $20.27 ^o** complete concrete column. 

Cost of Each Girder Complete on Casting Floor. 

Steel .$ 5.53 

Concrete material 3.51 

Carpenter labor 2.26 

Labor, mixing and placing, etc 1.34 

Total per girder $12.64 

The cost per cubic yard concrete without steel is $4.20. 

If it were made of yellow pine at $35 per M, and of the same 
dimensions, the cost of lumber alone would be $21.34, as com- 
pared with $12.64 for concrete girder complete. 

Cost op Each Roof Si.ab Complete on Casting Floor. 

Steel $1.69 

Concrete material 1.85 

Carpenter labor 423 

Labor, mixing and placing concrete, whitewashing, 
smoothing tops, etc 405 

Total per slab $437 

There are 72 square feet in each slab, therefore the cost per 
square foot is .0607 cents, or $6.07 per 100 square feet. 
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Now let us compare this with corrugated iron as a roofing 
material. Our usual practice on roofs is to use No. i8 gauge 
corrugated iron : 

Weight per square with usual lap is 292 lbs., @ $3.05 

per 100 lbs $ 8.92* 

Paint for 3 coats 61 

Labor painting 36 

Labor putting on 2.75 

Total per square in place $12.64 

* For the iron alone. 

We do not have the actual figures for laying the concrete 
slabs, but we have a bid from a responsible party to erect the 
entire roof, columns and girders for $1,932. We believe we can 
do it cheaper by day labor, but let us assume this as the cost 
and allow the erection of the slabs to be one-half of it, as there 
are 518 squares in the building: 

Cost of erection per square is $ 1.86 

Cost of slabs per square 6.07 

Total cost in place $ 7.93 

To sum up, we have cost of concrete roof slabs in place 
per square $ 7.93 

Cost of No. 18 gauge corrugated iron in place per 
square 12.64 

That is, the cost of the corrugated iron is more than 50 per 
cent, above the cost of the concrete roof slabs. 

We tested one of the roof slabs to destruction; it failed at 
7,700 pounds, center load, with 12-foot span. This gives an 
ample factor of safety for a roof. 

There have been criticisms of this class of construction: 

First — The joint between the members is not sufficiently 
strong. 

Second — The expensive machinery necessary to hoist them 
in place. 

In reply to the first, we want to tell you of a case we had in 
setting up this building. Two of the girders were set on the 
columns 4 inches out of line. This was discovered after they had 
been in place three days, and we attempted to take them up. 
The crane, which has a lifting capacity of 16 tons, could not move 
them, and it was necessary to separate them by iron wedges 
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driven in the joint. If all the joints are as sound as these after 
being set only three days, we are satisfied that they will answer 
every purpose. 

In reply to the second criticism. \Vc, of course, used loco- 
motive cranes and railroad for handling the pieces, because we 
had these facilities on hand, and it was more economical to do 
it in this manner. However, they are not at all necessary, as in 
many cases the floor of the building itself could be used for a 
casting floor and the members raised by an ordinary derrick or 
gin pole, for the heaviest piece weighed less than 6 tons, and it 
does not take a very large gin pole or derrick to lift 6 tons. 

• We have not as yet had an occasion to use slabs for the 
sides of a building, but see no reason why they could not be 
used as readily for siding as for roofing, if provision were made 
for bolting them to the columns. 

One advantage is that the concrete and reinforcing can be 
properly inspected while it is being put in, as this can be readily 
done while working on the ground, but cannot be so readily done 
while working on high stagings. Each member can also be 
thoroughly inspected as it is removed from the casting floor, and 
in case any of the members are defective, they can be discarded 
and others substituted. 



DISCUSSION. 



Mr. George D. Conger. — How do you take care of expansion 
and contraction in solid reinforced concrete work? 

Mr. W. H. Mason. — The expansion of steel and concrete is 
about the same; they come and go together with changes in 
temperature. Last year we constructed two kilns, built as one 
building, 200 ft. long by 100 ft. wide. They have been standing 
since last spring and have not shown any signs of cracking. 
The temperature in these buildings has changed from very high, 
in the summer time, with all the kilns in operation, to very low 
in winter. As yet we have seen no indications of failure. 

Mr. M. S. Daniels. — How long are the columns and girders 
allowed to harden before using? 

Mr. Mason. — About three weeks. Some of them, of course, 
longer than that, but we did not attempt to raise any of them 
until after three weeks. We allowed on one roof a pitch of i ft. 
in 150 ft. So far as the roof is concerned it could as well be 
entirely flat if the joints are made tight; but we wanted a slope 
in one direction so that the water could not bank up and flood over 
the end wall on the other side where machinerv was located. 

Mr. Frank S. Keith. — In regard to waterproofing the joints 
between the slabs, I understand you used oakum first, then a 
mixture of coal tar and cement. In the natural contraction of 
the slab, did the coal tar and cement expand, or did the slab 
settle away from the coal tar and cement, leaving a crack between ? 

Mr. Mason. — The coal tar and cement expands. We have 
had a very wide range of temperature on these buildings, and 
the joint is perfectly tight. This large building has been up a little 
less than a year and others a little over a year. No signs of 
cracking have appeared at all. 

Mr. Keith. — Sometimes in making reinforced sidewalks in 
large slabs, we use No. 4 pitch in the joint, and frequently have 
to go over and caulk up that No. 4 pitch to fill the hole caused 
by the shrinkage of the cement. Of course, the oakum would 
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give and take, if it was packed in deep enough to make it water- 
tight. If this coal tar and cement mixture sets up as hard as the 
cement, would it expand with the contraction of the cement, or 
would a crack develop? 

Mr. Mason. — The use of this coal tar and cement mixture 
was the result of some experiments we made. We took two of 
these roof slabs, put them together and made a little dam around 
so they would hold about 6 in. of water. At different places in 
the joints we placed various substances and then changed the 
temperature, and let it stand for some two or three months. This 
composition proved to be the most satisfactory. In fact, it has 
so far not shown any signs of failing at all. 

Mr. Keith. — Does the mixture get very hard? What pro- 
portion of tar and cement was used ? 

Mr. Mason. — In warm weather it is a little softer, but in 
cold weather it is quite hard. We used one part of coal tar and 
two of cement boiled together. 

Mr. Theo'. H. Skinner. — Do you think that there would be 
the same percentage of economy in buildings of mill construction 
as you have in your case? 

Mr. Mason. — I think so, if it was only one story high. If 
there was more than one story, the building would have to be 
planned differently. We have not done anything in that line 
as yet. You must understand that in the costs I have given, I 
have based the prices on cement at $1.00 per barrel, and stone 
at 60 cents a yard. All the labor and other things are figured 
at their actual cost. 



THE NECESSITY OF CONTINUITY IN THE STEEL 
REINFORCEMENT OF CONCRETE STRUCTURES. 

By E. p. Goodrich.* 

Concrete structures exhibit the usual phenomena of elastic 
solids, especially when they are provided with a skeleton of steel, 
properly proportioned and distributed throughout the concrete 
mass, according to circumstances. In the construction of con- 
crete sidewalks and of most retaining walls, especially if of 
massive design, special effort is made to reduce within certain 
limits the size of the parts which will act as units. In some 
arches, efforts have been made looking toward a similar result, 
but in structures of that class the present tendency seems to be 
to treat them frankly as continuous elastic structures, even though 
their detailed design is thereby rendered quite complicated. In 
such structures as lines of concrete pipe, separate units are being 
employed even when of large diameters, but most work is of the 
continuous or monolithic variety. 

No half way course is possible between these two classes 
of structures. If an arch is designed without joints, but the rein- 
forcement is not arranged for a continuous structure, joints are 
almost certain to form in accordance with nature's laws by the 
cracking of the work, and sometimes they may occur at points 
which even threaten the stability of the structure. At least they 
are often exceedingly unsightly. A concrete sewer is out of sight 
and usually so arranged that there is little danger of collapse, 
should a few small cracks occur. But in this case another danger 
may exist. In a small city in a middle western state, a sewer was 
found to have become clogged so that it burst and flooded the 
cellars of adjoining property. Investigation showed that a root 
from a willow tree had entered the sewer through what must at 
first have been a very small crack, and had multipHed its fibres 
within the sewer to such an extent as to cause the trouble above 
mentioned. 

* Consulting Engineer, New York. 9 
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The matter of building design will be more fully discussed a 
little later. 

From even the two cases above cited, it would seem all 
important, when a concrete structure is to be constructed mono- 
lithic in character, so to distribute its reinforcement as to make 
it act like a continuous solid, and in its design treat it as an elastic 
structure subject to stresses and strains from its own weight, 
from the live load and its impact and variation in intensity, from 
changes of temperature, local settlement, etc. What follows will 
be almost entirely a discussion of the subject of continuity, as 
found in the structural members of buildings, it being taken for 
granted from this point onward that continuous structures should 
be erected with reinforcement designed to provide such elastic 
resistance as the continuous nature of the member demands. 

A few concrete buildings have been erected in which the sev- 
eral structural members have been moulded on the ground and 
erected and set in place in the same manner in which timber and 
steel work is handled. In the majority of cases, however, it has 
been the endeavor to secure a monolithic structure, and this theo- 
retically monolithic nature has been one of the points much adver- 
tised as a great advantage inhering in concrete work. This very 
condition of perfect continuity has some minor disadvantages. 
Sound and vibration are transmitted much better than in a less 
rig^d structure, but the greater mass and the inherent nature of 
the propagating medium tend to absorb the vibrations so that at 
least one of these disadvantages is usually turned to a favorable 
property. A much more important point for consideration in this 
connection is the fact that, in structures composed of discrete 
members, innumerable joints naturally exist at which expansion 
and slight changes of position from deformation can take place 
without endangering the structure, because brackets and other 
devices are provided to allow of such conditions. The first 
designers in reinforced concrete were so imbued with the ideas 
of the older types of structures that they thought of the several 
members of a concrete building as practically identical with those 
of all other types. The first regulations covering reinforced 
concrete work adopted by municipalities thus viewed this point, 
as is shown by their specifying that a factor of 1/8 should be used 
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in the design of beams, girders and slabs. \'ery soon, however, 
trouble arose in buildings executed in accordance with such 
designs, which were being loaded to anything approaching their 
theoretically safe carrying capacity. Cracks occurred in the floor 
surface at the ends of beams and girders, and slabs cracked 
away from beams in the same manner. These cracks were often 
ascribed to shrinkage or settlement or other factors, but in many 
cases were the necessary result of natural deformations of the 
structure. They showed that the same thing took place in con- 
crete beams as happened in any other kind, but that allowance 
had not been made for such action. The next step was to 
require special reinforcement over points of support, to correct 
this trouble, and in order to secure some hypothesis for determin- 
ing the amount to be used, advantage was taken of an observed 
fact that the factor, J/jl, could be reduced to i/io for various 
reasons for moments at the centers of the beams. Since i : 40 
measures the difference between this factor and the theoretical 
total, the amount of reinforcement thus determined was specified 
at the points in question. 

When thus reinforced, a continuous beam possesses partial 
restraint at the ends. If a homogeneous beam of constant sec- 
tion be considered, and having a moment of inertia correspond- 
ingly less than a beam designed to carry the same total load 
when supported without restraint, it will be found that the 
theoretical slope of the neutral axis at the support is to be meas- 
ured by the figure 7, as compared with 10 for a free beam. Such 
a slope would theoretically open a considerable crack at the top 
of almost any beam. Obviously, if this condition existed, the 
steel designed to carry an amount of moment measured only by 
the factor, 1 140, and at a stress equal to that of the steel near the 
bottom at the center, would actuallv be stretched much more than 
such a stress would deform it, and would consequently be carrying 
more than is above considered, with a correspondingly somewhat 
smaller slope of the beam. In a reinforced concrete girder, how- 
ever, the moment of inertia is not constant throughout, and conse- 
quently the slope would probably be fully as "^great as first 
described above, even though the reinforcement was stressed 
beyond the permissible amount. If this actual stress happened to 
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exceed the elastic limit of the top reinforcement, as may easily 
happen, a permanent deflection would result in the top of the 
beam. Furthermore, a similar permanent set would have taken 
place in the concrete on the under side, below the crack, because 
of the high compression which would have occurred in the 
concrete. A repetition of the load would be likely to increase 
the first increment of deformation, and this increase would con- 
tinue until a slope had been permanently secured, beyond which 
the added deflections caused by ordinary loading would not cause 
stresses above the elastic limit of either the steel or the concrete. 

But, in order to attain this state of affairs, the stress condi- 
tions in the beam may have far exceeded safe limits, and many 
observations have shown this to have actually happened in more 
than one building. 

The dangers incident to such tension cracks adjacent to 
points of support are numerous. They occur where the shear in 
the beam is a maximum, and, unless ample reinforcement is intro- 
duced to resist these latter stresses (as is really very rarely done), 
their unit values will run up far beyond limits usually considered 
safe. These initial tension cracks also serve as starters for others 
which tend to occur from the diagonal principal tensile stresses. 
Cracks of the latter variety are apt to develop suddenly, produc- 
ing destructive failure in test specimens, and there is no reason 
to suppose that more immunity would be found to inhere in 
actual structures, should the load ever reach a critical value. 
With the formation of such cracks, the zone of compresson is 
obviously restricted to the uncracked part of the concrete, and if 
the crack is driven across the initial position of the neutral axis, 
the unit stresses in the extreme concrete layer must exceed per- 
missible, safe ones. Then, too, in the cracked condition, the con- 
crete can have no tensile value, and while this element is usually 
ignored in design work, its practical effect is well known to those 
who have made tests of beams and who have studied the subject 
of diagonal tension to any great extent. With a cracked condi- 
tion, moreover, there is almost infinitely more opportunity for 
the reinforcing steel to be attacked by rust, with possible further 
incidental- troubles. The few laboratory tests concerning this 
matter which have been made, principally in Germany, are incon- 
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elusive, and are best interpreted by the facts of actual 
experience, wherein rust has been discovered in connection with 
very fine cracks, when the metal was not covered with more 
than .)4 i"ch of concrete, as stated in a very late issue of a techni- 
cal magazine with regard to one example. 

The more steel is supplied over points of support (up to the 
theoretical necessary limit), the more are the above-mentioned 
destructive tendencies reduced. Of course, with perfect restraint, 
twice as much reinforcement is required over supports as at the 
centers of beams. It is needless to state that this condition is 
almost never attainable at end bearings, although it is often 
closely approached at intermediate ones in large buildings, 
especially on the lower floors, where heavy column loads give 
excellent stability to the members meeting at those points. With 
regard to the latter point, a column i6 inches square and stressed 
to 300 pounds per square inch, for instance, will resist a moment 
of 28.800 in. -pounds without developing tension on one side of the 
base, if it acts only with its vertical load. This will be equivalent 
to that of a uniform live load of 832 pounds per square foot dis- 
tributed over a panel 20 feet square. Of course, such a column, if 
of any considerable length, would itself be bent to some extent by 
such a moment. This example tends to show the real action of 
the reinforcement usually installed and also indicates the neces- 
sity of a better form of splice on longitudinal rods in columns 
than a piece of gas-pipe slipped over the ends. On the upper 
floors, however, and in wall columns, special reinforcement must 
be installed if any real restraint is to be secured above that 
afforded by the tensile strength of the concrete itself. 

The same general reasoning applies to slender columns which 
may be flexed by beams supported by them as has been given 
for beams with deficient reverse moment reinforcement. This is 
particularly true with regard to the columns which have been 
designed to support long span, heavy roof girders. There is no 
reason why such a combination cannot be analyzed, even as to 
the effect of unequal settlement, and the writer invariably makes 
an analysis of such designs, on the assumptions of rigid restraint 
at foundations, no shortening of the girder through its deflection, 
and ignoring the bending effect on the column produced by the 



Goodrich on Continuity in Steel Reinforcemknt. 79 

slight eccentricity of its load from the same cause. The problem 
then becomes one simply of a continuous beam over three spans 
with restrained ends, the parts having different moments of 
inertia. The solution is not particularly difficult, and by simple 
graphical methods the proper arrangement may be readily deter- 
mined. It is usually found that more column steel is required 
than had been expected, and that less end restraint of the main 
girders is secured than is often allowed. 

Partial loads on continuous members over hinged supports 
give maximum positive and negative moment curves different 
from those for full uniform load. In a monolithic structure, no 
supports are as flexible as a hinge should be, and, consequently, 
the full values thus obtained can be modified with perfect safety. 
A considerable study given to the subject seems to show that the 
amount of steel indicated by the use of 1/12 in computing the 
moment of a continuous uniform load, placed at both the top and 
bottom of a continuous member is ample. A proper distribution 
may be closely approximated by dividing the axis of a parabola 
into thirds and making the top and bottom steel overlap the 
amount shown by the portion of the curve contained within the 
center third. For various reasons, too, it is wise to run at least 
one rod from end to end of a continuous member along its 
bottom, in spite of the theoretical wastefulness involved. Some 
engineers also run one throughout along the top, and this 
is absolutely essential on short spans adjacent to longer 
ones. In such cases a careful analysis should always be made. 
Even in the floors of ordinary warehouses, deflection experiments 
show considerable upward movement when alternate bays are 
loaded. Excessive loads, located in this way, might easily cause 
dangerous cracking in the unloaded bays, while the loaded ones 
were perfectly safe. 

In a monolithic structure, secondary stresses from local settle- 
ment, shrinkage during setting, and changes of temperature are 
of much greater moment than in buildings constructed of dis- 
tinct members with numerous joints. If local settlement takes 
place in a column, for instance, there is a tendency to produce 
worse cracking at points adjacent to the neighboring columns 
when the beams and girders are reinforced as simply supported 
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ones, than when they are treated as continuous. Much more 
elasticity is secured, a bet-ter distribution of stress and conse- 
quent diminished likelihood of annoying cracking. Furthermore, 
when cracking does occur, it is less likely to be of a dangerous 
character than when the members are reinforced as simply sup- 
ported ones. 

The shrinkage which takes place from setting is not usually 
sufficient to cause any trouble, except at such points as connec- 
tions between floor slabs and the deep ribs of girders and beams, 
unless very large, long or deep stretches of work are placed in a 
single operation. Great care should be taken in the arrangement 
of the reinforcement at such points, the continuous type being 
altogether best, even for floor slabs. In connection wjth such 
slab steel, numerous stirrups should be provided to tie together 
the stem and the flanges of the T-beam, which is the actual 
statical condition of the member when under load. It may not 
be out of place to remark, at this point, that the actual effective 
width of flange in such T-beams is probably not nearly as wide as 
is assumed by many engineers. Care should be exercised in the 
design of the reinforcement of heavy floor girders to see that 
enough reinforcement runs through the flanges of the T, across 
the top, to provide for the secondary bending stresses which are 
developed by the shearing stresses close to the stem. This con- 
dition is usually overlooked in connection with the members 
which run parallel with the floor slab reinforcement. Members 
running in the opposite direction secure ample assistance from 
the regular slab rods. Also, in continuous members, for 
ordinary loads, the neutral axis is so high in the vicinity of points 
of support that little is to be feared from possible compression 
failures at such points unless the compression stress condition 
within the zone is aggravated by the approach of a diagonal ten- 
sion failure. The latter is the one shown indirectly as the cause 
of rupture in all the tests of continuous members with which the 
writer is acquainted, and to obviate which special care should be 
exercised in design work. That the computed compressive 
stresses run very high shows either that the confined condition 
adjacent to points of support makes such stresses possible, or that 
wrong methods have been used in their calculation or wrong 



Goodrich on Continuity in Steel Reinforcement. 8i 

assumptions made on which to base computations. All these are 
probably true. In designing the reinforcement for such contin- 
uous members, care should therefore be exercised to provide as 
ample steel as possible to assist the concrete in resisting com- 
pressive, shearing, and diagonal tensile stresses. Perhaps it is 
somewhat beside the point to state here that all tests of continu- 
ous members show great deficiency of the original concrete to 
withstand the developed diagonal tensile stresses without the 
addition of considerable steel in the form of stirrups or other 
heavier rods, either vertical or inclined, or both, and properly 
anchored at the ends. But the reinforcement for few buildings 
is designed with such an amount of reinforcement at those points, 
and, if continuous members are to be considered at all, the pres- 
ent practice is open to considerable improvement. As has been 
said, because structures remain standing is no criterion of their 
proper design and construction. The condition of numerous 
country highway bridges is a notorious example of the existence 
and continued use of sometimes actually dangerous structures. 

Change of temperature is a potent cause of innumerable, 
unknowable, secondary stresses in many structures. In such 
buildings as tanks and long walls in which cracks are inadmissa- 
ble, absolute continuity of reinforcement is essential. Nothing 
further need be said concerning such structures, except that it is 
not usually advisable to reinforce retaining walls so as to prevent 
cracking. Even where water-tightness is necessary it seems 
wisest usually to undertake to secure it by the employment of a 
watertight expansion joint together with a waterproofing by 
some method in connection with the portions of wall between 
joints. To be sure, in one instance of a reinforced concrete face 
for a high, rockfill dam in the Sierra Nevada* Mountains, a rec- 
ommendation was made to carefully reinforce areas aggregating 
approximately 20,000 square feet, rather than to make use of 
waterproof expansion joints under hydraulic heads over one 
hundred feet high. 

In buildings of relatively small dimensions as to ground 
area, no expansion, or rather contraction, joints are necessary, 
especially in the upper stories. In long buildings, some joints 
may be deemed advisable in order to obviate the heavy tensile 
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secondary stresses which must sometimes exist and which show 
themselves by cracks, sometimes at unsightly and occasionally at 
dangerous points. In small buildings, the employment of numer- 
ous distributing rods through the floors at right angles to the 
regular carrying rods will usually be sufficient as far as the 
floors themselves are concerned. Around window and door 
openings, special reinforcement should always be provided to 
prevent the formation of the cracks which often start at all four 
corners and extend for short distances into the walls. Roofs are 
subject to extraordinary changes of temperature in their sev- 
eral parts, and need the greatest of care in the design of their 
reinforcement, especially when the slabs are treated as the 
flanges of long span roof girders. 

In larger buildings, clean-cut joints may be installed and can 
best be placed at the centers of panels by providing cantilever 
beams or girders half a span in length on each side. Such joints 
should always be covered with an elastic waterproof coating to 
shed the water falling on the floors in case of fire. 

This discussion has been mainly on the subject of the pre- 
vention of cracks, a series of prescriptions for the overcoming of 
certain symptoms. While simple tension cracks on the bottoms of 
beams at their centers are not usually at all dangerous, since they 
commonly develop at comparatively low steel stresses, still the 
owner is not aware of this fact, and is not readily convinced that 
there is no real defect when his building commences to crack, 
lie wants a perfect structure and is entitled to receive it particu- 
larly when possible danger of the formation of rust exists when 
cracks have formed, and more particularly when a slightly differ- 
ent arrangement of reinforcement would entirely eliminate the 
fancied or real trouble in question. Ix>gic thus seems to dictate 
that all structures which are at all monolithic in character, thus 
having members continuous over supports or through floor levels, 
should have their reinforcement so designed and placed as to 
make them act under all load conditions as their original mono- 
lithic nature would make them start to act. 



DISCUSSION. 



Mr. W. K. Hatt. — Hooped columns are thought advan- 
tageous for compression, but will they take up flexual stresses 
produced by deflections of adjoining girders? 

Mr. E. p. Goodrich. — I think in reinforcing columns there 
should be almost as much longitudinal steel as spiral steel, for 
this very reason. 

Mr. W. H. Ham. — Does the steel at the bottom of the beam 
near the point of support take any compression, together with the 
concrete, where continuous steel is used? 

Mr. Goodrich. — I understand you mean that where some of 
the rods are carried continuously through the bottom, do these rods 
help to carry the compression stress? The tests made by Morsch, 
soon to be published in the third edition of his book, seem to show 
that condition quite considerably. Of course, it is particularly 
true near the point of rupture. At the lower stresses the steel 
does not carry its proportion of the load, the concrete carrying 
almost all. In one of Morsch's tests, the stress at the bottom was 
computed at over 3,000 lbs. per sq. in., but the beam seemed 
even then to fail by diagonal tension, rather than by compression. 

Mr. Ha»[. — It is then considered that a verv narrow beam 
with considerable top reinforcement would be a fairly strong 
member ? 

Mr. Goodrich. — Yes. Because the neutral axis rises so 
high that you have a much greater zone of compression than is 
ordinarily figured. 

Mr. Ham. — Should the same beam without top reinforce- 
ment be used? Would vou consider it necessarv to use a wider 
beam? 

Mr. Goodrich. — Yes, and in some cases to widen the stem 
of the beam near the support. This is actually done in some 
cases. 
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Mr. Ham. — I would like to ask Mr. Hatt how high 
a stress in steel it is safe to use before we get dangerous cracks 
either at the bottom or top, over the support. 

Mr. Hatt. — I use 16,000 lbs. per sq. in. unit stress in 
designing beams. 

Mr. C. D. Watson. — To what extent are thermal stresses 
the cause of failures or cracks in reinforced concrete of monolithic 
construction ? 

Mr. Goodrich. — I have examined roofs that were all going 
to pieces, and were loaded only up to about one-fifth or one- 
tenth of what they were supposed to carry. I lay the cause almost 
entirely to the action of the sun; there was an example in the 
West demonstrated to be due purely to contraction and expansion. 
Almost all European designers put in as much steel in roofs for 
distribution as for carrying purposes, so perhaps they understand 
that matter better than we do. 

I could never see why high clastic limit steel is used, because 
the stresses are exactly the same with high as with low elastic 
limits, and concrete will not stretch any further when it is pulled 
by high than when it is pulled by low limit material. The con- 
crete will crack at practically the same stress in either case, which 
is somewhere around 12,000 lbs. per sq. in. in the steel, accord- 
ing to a great many experiments. 



THE UNIT 

vs. 

THE LOOSE BAR SYSTEM ' 
OF REINFORCED CONCRETE CONSTRUCTION. 

By Emile G. Perrot * 

In reviewing the development of reinforced concrete, one is 
struck with the numerous attempts to improve upon the earlier 
adopted systems or methods of construction. In this country, 
the line of improvements seems to have progressed in one 
direction, except in one or two notable instances. The trend of 
thought of American engineers followed the idea of E. L. 
Ransome, that is, in the use of "formed," or, as they are 
commonly known, "deformed*' bars. The European practice, 
especially that phase of which was introduced into this country, 
namely, the "Hennebique System," uses plain bars for the 
reinforcement; hence, there grew up two well-defined "schools," 
if you so wish to term them, having many advocates in each 
"school." While American engineers in general seemed to bend 
their efforts towards a bar giving an ideal mechanical bond, it 
was not until the reinforcement for beams and girders was made 
into a frame and delivered as a unit that such architects and 
engineers as heretofore had opposed the use of reinforced 
concrete beams and girders, on account of their uncertainty, 
took serious notice of this new method of construction and 
adopted it for use in buildings which heretofore they would have 
built of steel. 

As a consequence of the success of the first girder frames 
that were out on the market, several attempts have been made 
by other manufacturers to improve upon the original idea in the . 
matter of details; whether this has been accomplished it is not 
for me to state. 

It is my purpose, in connection with the subject of this paper, 
to explain to you how to construct a building with unit reinforce- 
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ment for columns, beams, girders, floor and roof slabs, or in 
other words, how to build a "unit reinforced concrete building." 
To those of you experienced in the use of reinforced concrete 
on a large and extended scale, the uncertainty of each beam and 
girder (where intended to be the same) being constructed 
identical in a loose rod system is very apparent ; in fact, I dare 
sav that there is no one who would certifv to the fact that everv 



piece of reinforcement was in the exact position laid out hy its 

designer; and I will go further — that in a great many cases, it 

_ is a question whether all the reinforcing metal shown on the 

drawings actually enters into the construction of the building. 

Is it any wonder, then, that those engineers whose experience 
has led them to use steel construction look askance of this new 
system of construction when they could see all manner of ways 
for the Bnished work to be short of what was really intended? 
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Many such men have advocated the expenditure of a greater 
sum of money than would otherwise be the case if reinforced 
concrete were used for a system of construction which would 
give results of which they were certain. The writer's experience 
for the past six years convinces him, if the same progress is 
made in the future with the use of reinforced concrete for 
buildings, the use of loose rod systems for beams and girders 



must be abandoned. My reason for making this sweeping 
statement is from the fact that as the building regulations of 
important cities governing the use of this material become 
more thorough and the requirements of the Boards of Fire 
Underwriters are insisted upon, owners will have to employ the 
more thorough methods of constructing their buildings, or el?e 
suffer a penalty at the hands of the Underwriters. To illustrate 
the point: As a matter of fire protection to the steel tension 
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rods in the bottom of beams and girders, these rods should be 
located 2 inches from the bottom of the beam; in other words, 
there should be 2 inches of concrete forming an insulation, not 
Yi, inch, or possibly 3 inches, as the case may be in the loose 
rod system; to secure this insulation, some definite means must 
be used to hold the rods firmly 2 inches from the bottom of the 
mold. This is only secured by some positive mechanical means ; 
in loose rod systems, the means, as a rule, is altogether wanting, 
dependence being placed on the concrete for holding the bars 
in position, or the stirrups are made to form hangers, which 
permit the rods to loosely hang in the form. 

If the rods are united into a frame, a suitable chair can be 
fastened to the bars to support them a definite distance from 
the bottom of the form. Several systems employ this method. 
Far better, however, is the use of a socket locking the bars 
together and bolted to the bottom of the form ; this socket can 
be made to support any number of frames on top of each other, 
and thus register the position of the bars in regard to their 
position in the mold, as well as to each other. 

Another important reason why the rods should be rigidly 
located in the mold before the concrete is poured is to insure the 
strength of the beam being the same as that originally figured, 
for if the bars should be loosely held in the mold and. in* the 
process of tamping be moved farther from the bottom, the 
insulation from fire would be improved at the expense of the 
strength of the beam ; for instance, in a Tee beam, with a depth 
of rib of 16 inches below the under side of the slab, the loss in 
strength of the concrete beam due to the shifting of the bars one 
inch farther away from the bottom would be almost 7 per cent. 
Thus it is seen that when an engineer designs a building with 
beams of a certain depth and the center of action of steel at a 
definite distance from the bottom of the beam, there is no certainty 
that his finished beam in the building has the calculated strength 
if there has been no means of holding the bars rigidly in place. 

Thus a building can be materially weakened by the inaccura- 
cies creeping in the work, for if there is a loss of seven per cent, 
by reason of the bars being misplaced and another ten per cent, 
loss, or possibly more, by reason of the concrete not being properly 
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mixed and tamped, the resulting construction, while it would 
not show on the face of it that it was so weakened, would be, 
nevertheless, artd the factor of safely would be reduced by just 
such an amount. 

I have seen a large building constructed of reinforced concrete 
in which all the floor beams and girders were reinforced with a 
unit frame, and where these frames were used, not one bar was 



exposed to view on removal of the forms; but in the same 
building, some unimportant beams in the stairway were rein- 
forced with loose rods, and in one case, after the removal of the 
forms, a rod was visible, having been pushed out of place in the 
tamping process; how many other bars, where the loose ones 
were used, have been displaced it is impossible to tell. 

Figs. I,. 2 and 3 show a unit reinforced concrete building 
built in Philadelphia. 
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Thorough tamping of the concrete in the beams and girders 
is possible only with a frame or where the bars are held rigidly 
in place; this feature of the work is not always appreciated by 
constructers, but experiments show that a dense, well-tamped 
concrete is twenty-five per cent, stronger than one not tamped. 
Hence, there is a decided advantage to be gained by using a 
frame and thoroughly tamping the concrete. ^ 

Another phase of the subject of unit systems versus loose 
rod systems is that a unit system approaches nearer to ideal 
conditions regarding the erection of a building, eliminating the 
personal equation as nearly as can be when the placing of the 
steel is concerned. No part of the reinforcement of a beam or 
girder can be forgotten or omitted, as the frames are made as a 
unit in a shop, given a shop number to correspond to the erection 
plan, and are delivered to the building as a unit and so marked. 
All the foreman at the building is required to do is to check off 
the frames as they are delivered, the same as he would steel 
beams, and see that each frame is placed in the place called for 
in the erection plans. Thus a floor of frames can be placed a 
day ahead of the concrete, and when it is necessary to remove the 
reinforcement from the form, which is very frequently the case 
in order to clean out shaving, etc.. the frame can be taken out 
as a whole and reset w^ithout much trouble, while if loose rods 
were used, it would be more troublesome to take out each bar 
and stirrups and reset them. 

Some may claim that the use of a frame for reinforcing beams 
is not desirable on account of a lack of flexibility in the frame; 
being made for a specific beam or girder, they cannot be changed 
or altered without much trouble. In answer to that query, \^e 
have never found that to be an objection, for if a change has to 
be made quickly at a building, which is sometimes the case, it 
would not be necessary to wait for a new frame to be manufac- 
tured and delivered ; there is still left the recourse of using loose 
rods for the beam in question ; then the building will be no worse 
oflF than its neighbor which is constructed entirely of loose rods. 

The flexibility of the design of girder frames, as made under 
the original unit patents, is as great as anyone could wish, as 
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reference to the illustrations will show. Spans as long as 41 feet 
have been constructed of girder frames, and heavy cantilever 
frames have likewise been constructed, Fig. 4. 

Another feature of the unit frame is that it can be made of 
any type of bar, either plain or deformed : as the bars are 
asembled and held together by the stirrups, it makes very littlo 
difference what the shape is; in fact, one large building in 
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Baltimore, the Lord Baltimore Press, which is illustrated in Fig. 
5, is constructed with unit frames made of Kahn bars. 

The latest idea in the design of girder frames is the pin- 
connected frame, which consists in making a mechanical tie by 
means of a link from one beam to another, thus making a con- 
tinuous beam. The views given illustrate the manner in which 
these frames are used. This frame, however, is made of square 
bars. 
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Unit Columfis. 
The unit idea has been successfully applied to column con- 
struction by several designers, Mr. Cummings, of Pittsburgh, 
employing a unit cage for hooped columns. I myself have used 
a unit column of ihe hooped type for heavy loads, as shown in 
ihc illustration. The hooping consists of v/ire ro|5e, wound as a 
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helix, wired to vertical rods, and the rods secured to bands at 
top and bottom at intervals of the height as shown in Fig. 6. 

These columns were made in a shop and delivered by team. 
Just the same as a steel column, and set up in position, with the 
forms built around them and then filled with concrete; additional 
longitudinal rods were placed in the center of the column, to 
increase its compressive strength. All column rods are faced on 
the ends and set in line with those above. 
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Unit Slab Reinforcement. 
The unit reinforcement for slabs may consist of any fabric 
or webbing, such as expanded metal, wire cloth, or even plain 
rods, with cross rods on top and wired together or fastened 



FIG. 6, — HOOPED COLUMN DELIVERED AS A UNIT, VICTOR LABORATORY BUILDING. 

together with spring stool lock and spacer, as shown in the 
illustration. These webbings should interlock with the stirrups 
of the beams and girders, which can be done by having the 
stirrups long enough to pass up through the mesh of the fabric 
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and be bent over with long pliers, so as to hook over the wires 
of the webbing. In this way, the floor slab cannot separate from 
the beam or girder, and as the greatest horizontal shear is likely 
to be at this place, the interlocking of stirrups and fabric makes 
a most excellent construction. 

It very frequently happens that the standard sizes of fabric 
do not give sufficient area of metal per running foot; in these 
cases, additional rods can be wired to the top of the fabric to 
make up the sectional area which is lacking. 

Where a webbing is not used for slab reinforcement, the 
stirrups should, in some manner, engage the slab rods. This is 
shown in the illustrations. 



DISCUSSION. 



Mr. H. H. Fox. — The architect, of course, wants to be sure 
that the reinforcement actually goes into the building and in 
the right place. To assure himself of this he generally employs 
an inspector. The unit system makes inspection easier, but docs 
not by any means insure the placing of the steel with such cer- 
tainty that inspection can be dispensed with. 

With the loose bar system more intelligence is required of 
the superintendent and foreman than with the unit system. One 
of the questions which should interest the architect is, whether 
the cost of employing men with more intelligence is greater or 
less than the difference in cost between the two systems. The 
imit system is imdoubtedly more expensive than the loose bar 
system. In the treatment of forms, steel, or concrete, superior 
work could be turned out by spending more money. For instance, 
forms could be left on the buildings three or four weeks, which 
would increase the factor of safety ; but the contractor and archi- 
tects would rather save the money and put.it into more intelligent 
supervision. l>etter concrete could be turned out with a 1:2:3 
mixture, but money is saved to the architects and contractors 
if a 1:3:5 mixture is used, and placed under competent super- 
vision. Under anv svstem of reinforcement we have to relv 
upon a supervision for keeping the steel in the slab away from 
the form. Now when the contractors are experienced in rein- 
forced concrete work, their supervision can be relied upon to 
keep the loose bars in the beams and girders at a proper distance 
from the forms. In Xew York City a great deal of work has been 
done with the loose bar system, where the owners and architects 
were so confident that the contractor would have his steel correctly 
placed, that they had no regular representative on the work at 
all. Each form of reinforcement has its proper place, and neither 
one is going to displace the other — at least for a great many 
years to come. 

Mr. E. p. Goodrich. — It so happens that on one of the build- 
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ings which Mr. Fox has referred to, one on which the 
owner did not have any supervision, I happened to be present 
one morning when they were getting ready to concrete. After 
about two hours of work, in one beam, an Italian laborer took 
a sledge hammer and drove the reinforcement over into place, 
after the concrete had partially set. 

Mr. W. L. Caldwell. — The same rule, I think, will 
hold good for steel fonns for concrete construction. If we can 
devise a form that can be made in the factory, it will not make 
any difference who the contractor may be — the work must be 
uniform and of the proper proportions. .This method is bound 
to obtain, and the sooner the better. 

Mr. W. H. Ham. — I find that contractors are taking hold 
of the concrete work, executing it satisfactorily, and are able to 
reduce the cost of construction a great deal, over methods that 
have been in vogue. 

Mr. Emile G. Perrot. — If reinforced concrete is to progress 
in the future as it has in the past, the unit system will have to be 
adopted. Heretofore, the reinforced concrete business has been 
more or less of an innovation, and architects as a rule have been 
unable to get local contractors to do their work, being compelled 
to use specialists or big construction companies from other cities. 
The architects, as a rule are not in a position to always recommend 
contractors from outside because the local interests very frequently 
control the situation. So local contractors will have to take up 
reinforced concrete in spite of themselves. In ten or fifteen years 
from now reinforced concrete will be a trade, and when the trade 
is established some standard forms of construction must be used, 
and I am firmly convinced that the unit system will be the one 
more generally adopted. 



FACTORY-MADE CONCRETE. 
By Charles D. Watson.* 

The test of time has conclusively shown that Portland 
cement concrete, because of its durability and resistance to fire, 
came nearer approaching the ideal material for building pur- 
poses than any other previously known agent, when the discovery 
was made that in combination with iron or steel it could be 
used for structural purposes, thus opening a new era in building 
construction. Architects and engineers immediately recognized 
in it a long sought combination of two materials. The one, a 
good resistant of compressive force, and the other a great resistant 
of tensile force, which, when combined, not only acted in unison 
on account of the adhesion of the cement to the steel, but having 
practically the same coefficients of expansion were not subject 
to the usual defects of composite construction. 

When after considerable demonstration and test it was 
shown that the concrete not only preserved the steel from 
corrosion (eliminating one of its greatest defects) but apparently 
increased its power of resistance to stress, it is little wonder 
that this generation has witnessed in reinforced concrete con- 
struction what appears to be the beginning of a revolution in 
building methods. The engineering profession is to be con- 
gratulated upon the enormous progress made in the investiga- 
tion and application of this new material, the demand for which has 
been so great that it has been about all, and in some cases more than 
they could do to keep investigation and research abreast with 
actual construction. 

Thus far, for structural purposes, the tendency has been 
confined almost entirely to what is known as monolithic con- 
struction, that is where the building is supposed to be a single 
mass or unit. Now that this form of construction has finally 
reached a stage where it may almost be called an exact science, 
the progressive engineers are beginning to realize that they are 
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so handicapped in design and application due to the excessive 
cost of forms for erecting under present methods, and to the 
difficulty of getting reliable field-made concrete, necessitating 
the use of such large factors of safety, and the danger due to 
premature striking of forms, that not a few are beginning to 
question whether we are working on the right lines by the 
present methods of manipulating this material. The science of 
the manufacture of steel has reached a point where the designer 
can depend upon certain strength within reasonable limits, but 
not so with the manufacture of concrete. Not only does it vary 
with the quality and amount of cement used, but when made 
in the field, with practically every other condition with which 
the engineer has to contend, such as age, temperature, amount 
of water, quality and size of aggregate and character of mixture. 
Therefore w^e can hardly contend that reinforced concrete is ideal, 
because of its being a combination of steel, which is a material 
of high tensile strength, with concrete, a material of high 
-compressive -strength, when the latter may or may not be a 
material of such strength depending entirely upon the condition 
under which it is made. 

The majority of designers take as working loads on concrete, 
values of not over 600 pounds per square inch for its com- 
pressive strength in cross bending. An analysis of the majority 
of tests made would indicate that at the time concrete is stressed, 
which is seldom at over thirty days of age under present methods, 
that the ultimate strength is not over twice this amount. While 
this would indicate the use of a factor of safety of only two, 
this, of course, is not strictly so, owing to the fact that the 
modulus of elasticity of concrete changes with the amount of 
stress, so that the actual factor of safety is greater. 

However, it has been demonstrated that concrete can be 
made in a factory where the conditions of temperature, amount 
of water, the size and proportion of aggregates can be regulated 
which will have at least 50 per cent, more initial strength than 
the strongest field-made concrete at the same age, and which 
will be more than twnce as strong when first subjected to loads, 
owing to the additional length of time that it can be left to 
harden, and which has great virtue as regards design in that it 
has uniform strength. Under such conditions, can we justly say 
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that we are getting full advantage of concrete as a structural 
material ; has not the time come for us to develop the science 
of making concrete the same as we have developed the science 
of making steel so that we can take larger working units of 
strength? Of course, the disadvantage of using concrete with a 
small unit of compressive strength can be offset by increasing 
the area or volume of the material used, but such an increase 
means an additional cost which is again enhanced by the addi- 
tional dead load in the structure. Furthermore, the employ- 
ment of an inferior grade of material in which several times the 
actual volume required must be used for the purpose of safety 
can hardly be considered good engineering. 

Besides the difficulty of contending with a material of vary- 
ing and indeterminate strength, such as field-made concrete, 
the designer has another and perhaps greater obstacle with 
which to contend under present methods; that is, the cost of 
forms. With the cost of forms and centering, already approxi- 
mately 40 per cent, of the entire cost of field reinforced concrete 
construction, and with lumber constantly increasing in value, it is 
evident that if this form of construction is going to continue to 
develop on a large scale some means must be employed to reduce 
this cost. 

A careful analysis of the present conditions under which 
reinforced concrete is constructed cannot help but lead one to 
the conclusion that present methods are still crude and unscien- 
tific, and like the history of all such developments, we must 
abandon the use of hand-made materials, which are subject to 
faults due to human errors, and adopt the machine-made. If 
so, the final outcome must be the use of factory-made reinforced 
concrete. Factory-made concrete has obviously every advan- 
tage over field-made, except in the matter of continuity of 
members and the cost of transportation for long distances. As 
to continuity: with the present development toward the shop 
fabrication of reinforcement and rigid connections of members 
it is doubtful if the monolithic method of construction really 
has so much advantage in this particular. Certainly, more 
rigidity can be obtained than in a structural steel frame. Further- 
more, in the majority of cases it is impossible to get a truly 
monolithic structure by present field methods, since the cost of 
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placing concrete continuously makes it practically prohibitive. 
There are other positive disadvantages in monolithic designs 
due to the absence of expansion joints, the differential expansion 
of members of different sections and the consequent thermal 
stresses set up in such structures which are beyond the engineer's 
power to calculate. 

As regards transportation of factory separately molded 
members there can be little doubt that in the larger centers of 
population the cost of transporting the finished product is over- 
come by the many other advantages of the factory-made mem- 
bers, such as: first, elimination of forms; second, concrete of 
much greater strength and consequently of much smaller volume 
to carry equal loads ; third, the use of more economical sections ; 
fourth, the economy of shop methods of handling and mixing 
the materials ; fifth, the greater speed of erection ; sixth, certainty 
of results on account of mechanical methods of fabrication of 
the reinforcement and casting of members; seventh, the oppor- 
tunity to test same before subjection of load ; eighth, ease of 
alterations ; ninth, absence of accidents during erection, and tenth, 
high-grade finish made possible by better forms. 

First, as to saving of field forms: It is obvious that any 
system of concrete construction which will eliminate the pres- 
ent expense of the forms required in field work would be of the 
greatest advantage. The molding of concrete in this way is 
not only expensive, but fraught with great danger, inasmuch as 
the members are completely covered until the forms are removed, 
which obscures defects and prevents inspection. 

Second, as to the quality of concrete and section of mem- 
bers: Recent experiments have demonstrated the enormous 
variation which may occur in the strength of concrete due to its 
quality. The profession is now giving this question of high- 
grade material considerable prominence. We constantly hear 
references to the great strength of concrete with the common 
expression "as hard as rock," but the real conditions under which 
it is used for structural purposes are such that we are compelled 
to use working values in compression, which are about half of 
what we use for soft timber. The result is one of the greatest 
objections to concrete construction ; that is, to get sufficient strength 
to carry loads we are compelled to erect such massive beams 



Watson ox Factor y-madk Concrete. ioi 

and columns that our buildings become architectural monstrosi- 
ties, besides being uneconomical on account of the space wasted. 
In entering a concrete building of considerable height and with 
long spans designed for heavy loads the massiveness of the 
beams and columns gives one the impression of clumsiness 
rather than stability. Development of the science is gradually 
eliminating this defect, but the primary reason still remains, 
and can only be solved by the use of a higher grade material 
which will have greater strength, so that a smaller section may be 
used. 

There can be no doubt that the highest quality of concrete 
can be made only in a factory where every condition as to 
quality of material, methods of manufacture and seasoning can 
be carefully studied and regulated. Men expert in each division 
of the process of manufacture can supervise all operations, and 
by the use of mechanical equipments, which it is impossible to 
establish in the field, will be enabled to work at the highest 
point of efficiency and economy. 

Next in importance to the quality of concrete is the advan- 
tage of economical sections into which it may be moulded under 
shop methods. Every engineer knows that in a rectangular 
beam there is great waste of material as regards actual areas 
under stress. For this reason steel is rolled into what are com- 
monly known as structural shapes, but even in the manufacture 
of steel mechanical difficulties prevent the rolling of truly 
economical sections. Concrete being a plastic material presents 
no such difficulties, and when factory-made, practically any sec- 
tion can be cast in permanent metal moulds by proper appliances 
for filling same. Also the distribution of reinforcing steel can 
be developed to a much higher degree and the position of the 
steel in the member made absolutely certain. Many attempts 
have been made in the field to cast concrete members of more 
economical shape and numerous systems have been devised, con- 
sisting mostly of the use of hollow tile or similar material for 
coring or reducing the sections. But under field conditions the 
saving is but slight, as the hollow cores must be left in the 
work, and the whole temporarily supported until the concrete 
is sufficiently hardened to enable it to resist loads. 

As to the economy of shop methods of manufacture over 
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field methods this has so often been demonstrated in all lines of 
industry that any discussion is unnecessary. A plant for such a 
purpose should be located in the larger centers of population 
and at or near some source of supply of raw material. Facilities 
for handling raw materials at a minimum of cost, and for 
handling, casting and finishing the completed products can be 
permanently installed ; also, crushing, screening and mixing 
machinery that will automatically regulate the size and propor- 
tions of materials which will not only produce uniform and 
high quality results, but at a minimum of expense. 

With a proper arrangement of plant it certainly is not 
unreasonable to expect that structural concrete sections can be 
manufactured in a factory, transported and erected in the field 
at a cost per cubic yard not much in excess of what it now 
costs to erect concrete building blocks, plus the cost of steel 
reinforcement and the fabrication of same. This in round 
figures should not exceed fifteen ($15.00) dollars per cubic yard 
actual measurement. Bearing in mind that these factory-made 
sections can be made with a saving of from 33 to 50 per cent, of 
the volume necessary to produce the same results by field 
methods, due to the fact already stated that the concrete is twice 
as strong and of more economical section, its cost would be 
not over ten ($10.00) dollars per cubic yard, as compared with 
the actual contents of present field-made monolithic construction. 

The development of the unit system of structural concrete 
is sure to result in a most productive field for the manufacturer 
of cement products and should grow into a large and important 
industry. The greater speed at which buildings constructed of 
factory-made units may be erected, the comparative ease with 
which alterations may be made and the absolute certainty of 
results due to the fact that members can be tested are quite 
apparent advantages. There seems to be little doubt that the 
majority of failures of monolithic construction are due to the 
premature removal of forms. It is uneconomical to leave these 
forms in place more than three weeks at the most, and the 
strength of concrete at this age is seldom more than half of 
what it attains in two months. The use of factory-made materials 
will allow full loads to be imposed immediately after erection, 
and as it requires no temporary supports all danger of failures 
is eliminated. 
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From an architectural view, field-moulded concrete is 
objectionable, not only on account of the enormous size of its 
members, but on account of the difficulty of getting a high grade 
finish; factory-made material can be cast in smaller sections and 
in forms, or in sand moulds, which leave a high grade and very 
satisfactory finish. Members can even be designed and moulded 
with a view of architectural appearance, combining both the 
structural and architectural features of the building without the 
expense of additional work of finishing and ornamentation. 

As already stated, the only possible disadvantages that the 
unit system might have are those of transportation of heavy 
members for long distances from the factory and the absence 
of continuity between members. 

The economies of shop manufacture and erection, combined 
with the fact that much less volume of concrete is required 
to produce the same results on account of more economical 
sections and higher quality of material, will more than overcome 
the difference in the cost of transportation. 

As to the advantage of continuity of members and rigidity 
obtained by monolithic construction, here, without doubt, lies 
the real problem in the development of the unit system. However, 
the problem admits of ready solution by proper care and ingenuity 
in the fabrication of reinforcement. The members can be made 
with projecting connections, which can be rigidly attached to 
each other in the field similar to the manner in which structural 
steel is erected, and these connections can afterwards be fire- 
proofed with a small amount of field concrete. 

The bolting of connections can be substituted for the expense 
of riveting, as is required in structural steel. For buildings 
of few stories the combination of the adhesion of mortar and the 
use of projecting dowels is all that is necessary. Such con- 
struction requires slightly more steel than is ordinarily used in 
concrete construction, but the expense of this is more than 
overcome by other economies. 

In cities where the cost of structural steel is not excessive 
it has been found that a very economical, rapid, safe and efficient 
n:ode of construction is to erect a light structural steel frame, 
which is designed for dead load only and is afterwards fire- 
proofed by supporting fonns on the members and filling in 
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around them with concrete, the steel being designed just within 
its elastic limit, and the additional strength required to resist 
live load and provide for a factor of safety heing supplied 
by the concrete. In the specifications of one designer this form 
of construction is referred to as reinforced steel construction. 
Certainly this form of construction could be made much more 
economical if the concrete fireproofing was put on at the fac- 
tory, as it would entirely eliminate the cost of field forms and 
enable the designer to take advantage of the fact that the mem- 
ber has the additional strength of the concrete added, enabling 
him to reduce the amount of steel. The only additional cost 
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of erecting a reinforced steel frame of this nature over that of 
a regular structural steel frame designed for both dead and live 
load would be the additional cost of transporting and erecting 
the heavier members. However, recent calculations made on a 
four-story apartment building showed that this form of construc- 
tion could be carried out using the customary loads for this style of 
building, and spans of sixleen feet, in which no member weighed 
more than one ton, the actual weight of the members being 
a trifle over twice what the weight would be if a structural 
steel frame was used and designed for both dead and live loads. 
The saving in forms, the greater speed of erection, the economy 
of design in this form of construction certainly warrants its 
careful consideration by the designing engineers. 
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Doubtless, the greatest field for factory-made unit concrete 
construction is for buildings of a few stories in height and for 
curtain walls, floors, roofs and partitions of all buildings. 

This system of construction, when properly developed, 
should completely solve the problem of the fireproof residence. 
In Europe this form of construction is in considerable demand, 
although as far as the writer's knowledge extends, there is no 
plant designed for and devoted exclusively to it. 

In America we have had several demonstrations of the prac- 
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ticability of such construction in the buildings recently erected 
by the Edison Portland Cement Company, and a factory building 
at Reading, Pa., erected a few years ago by what is known as the 
Vistini system. These buildings, all being constructed with 
material made at the site, are not complete demonstrations of 
the economy of such construction, for it is in the saving of labor 
by manufacturii^ in a shop, especially designed and equipped 
for this purpose, that the greatest economy should be effected. 
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At Pittsburgh a company has recently erected a plant which 
is to be devoted exclusively to the manufacture of cement pro- 
ducts and has developed a complete system of factory-made 
structural concrete and introduced some novel methods of manu- 
facture which should be of interest to all cement users. The 
primary idea in this system is to manufacture the members with 
projecting reinforcement, so that when erected they can be bound 
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together by means of field concrete placed around the connections, 
making the structure strong and rigid. 

Figure I shows a half size model of a house constructed 
of various sections by this method, as designed by C. F, Buentc, 
of Pittsburg, and known as the standard system. Briefly 
described, it consists of floors formed of members cast in T 
sections laid side by side. The walls consist of prismatic sections, 
which reach from floor to floor, and interlock one with the other, 
leaving hollow spaces between. The facing is of manufactured 
stone, but could be of brick, stucco, or any other finish desired. 
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Figure 2 shows the form of the floor "joists," as they 
are called, and illustrates how they may be employed in con- 
junction with hollow concrete block walls. The walls illustrated 
are the two piece slyle in which the outer section is made of 
marble and tooled like cut stone, the inner section being made 
of coarse grave! and left rough lo more readily receive the 
plaster. In this form of construction advantage can be taken 
of the hollow spaces in the walls to form columns or studs at 
proper intervals by filling the apertures with concrete which 
can be reinforced with rods. The projecting rods from the 
floor sections will tie to the column reinforcement, making a 
very strong and rigid construction. After erection these joists 




are bridged by placing a pair of stops between them at proper 
intervals and filling in with concrete in the field. The joists are 
laid at i6-inch, 18-inch, or even 20-inch centers, depending on 
loads and spans and provided with nailing strips, which are cast 
in when made. 

Figure 3 shows a typical structure showing three methods 
methods of floor construction, the lower being a regular rein- 
forced concrete slab, the next two being a floor of separately 
molded sections cast in arch forms, the top being finished as 
a wearing surface and the bottom forming the ceiling, being 
cast with a smooth finish. Such sections can be cast in sand 
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moulds and can be given most any architectural form desired. 
The top floor illustrates the style already described formed by 
the use of the concrete joist with wooden nailing strip to which 
is fastened the regular wooden floor. 

Figure 4 is a model showing the manner in which the 
columns, beams and floors are connected when structural steel 
reinforcement is employed. For girder reinforcement and 
column connections structural sections are employed, which are 
properly punched to make connection between columns and 
girders. In the illustration the columns are designed so that the 



FIG. 6.— PALLET OF FORMS FILLED WITH REINFOBCEMENI, READY TO CAST. 



steel carries all the load at the joint, and in the girder the light 
lattice truss employed as reinforcement is so designed that the 
Ufqier flange takes full compression, the concrete aiding only in 
shear. The design can easily be altered, so that the column 
joists are made between the concrete, in which case the struc- 
tural steel connections and shapes are not necessary. This type 
of construction illustrates what I have hitherto referred to as 
reinforced Steel construction, which is fireproofed at the factory. 
The sections can be made much lighter by using slag concrete 
if necessary. 



Watson on pAttoHV-MAUK Concreth. 109 

Figure 5 illustrates the standard section of floor joist for 
five loads of 150 pounds per square foot and for span up to 
20 feet. These joists are designed for floors that are to be 
finished with wood. The effective depth of the concrete beam 
is Syi inches and the width of flanges is varied from 16 inches 
to 20 inches, depending on the length of span. The wooden 
nailing strip is moulded in the joist when cast and is attached 
to the reinforcement, which makes it very secure and aids in 
keeping the latter in shape at the same time. The bottom being 
very rough, can be plastered on direct to form the ceiling. 
When a concrete top finish is desired for such floors, the sections 



are made in I form, the top flanges being the same width as 
the bottom and the finished floor may be of cement, terraza 
or tile. To illustrate the economy of material in floor con- 
struction of such sections let us take a standard joist for an 
18-foot span, this would have an iS-tnch flange and the actual 
volume of concrete would be equivalent to a 2^-inch floor slab. 
To accomplish the same result with a regular concrete floor would 
require a slab of more than twice this thickness with the same 
amount of reinforcement. 

The reinforcement consists of expanded metal, electrically 
welded or woven wire fabric to which is attached or formed in 
the mesh the tension rods. The rods in the compression members 
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arc unnecessary for short spans, except to protect the beam froiti 
breaking while l>eitig handled. The reinforcement is forme<l 
automatically by a machine designed esi>ecially for the purpose 
and is held in place in the forms by passing the rods through 
stops in the en<ls of the forms as illustrated in Figure 6, which 
shows a pallet of forms filled with reinforcement ready to cast. 



These forms are of heavy galvanized iron. To prevent the con- 
crete from adhering to them they are painted a thick coat of 
what is known to oil refiners as "sludge." which proves very 
effective. 

Figure 7 illustrates the manner in which these sections are 
handled in the shop. The sections are not as heavy as they 
appear, a ifi-fool length weighing but 800 pounds. One might 
suppose that they would be fragile, but such is not the case. 
1 )ne of these joists being dropped at the height illustrated, 
falling on a concrete floor, only cracked a small comer of the 
flange, where it struck, and the beam, when tested, developed 
full strength. 

Figure 8 illustrates a test made on a joist of standard 
section 12 feet long and made of 1-2-4 concrete. Owing to the 
shape, it was necessary to make this test on two sections together, 
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which, of course, would not give as high results as if each were 
loaded separately. The result obtained shows that the standard 
section of joist reinforced with two )^-inch round rods in the 
tension member and lO-gaugc expanded metal in the webs for 
12-foot Span at sixty days of age are good for a unifonnly 
distributed load of more than 600 pounds per square foot. 

Figure 9 ilhistrales a roof or sidewalk slab designed by 
.Merrill Watson, of New York. This section is 3 feet 6 inches 
by 4 feet, with an average thickness of less than i inch. It 
is ribbed on the bottom and the ribs reinforced with ^-inch 
round rods which are attached to lo-gauge expanded metal the 
full size of the section and made of 1-2-4 concrete. 



FIG. 9.— ROOF OR SIDEWALK SLAB. 

Figure 10 shows one of these slabs carrying a concentrated 
load of 1,800 pounds of stone at ninety days of age and illustrates 
admirably the enormous strength attained by factory-made 
material of this kind; this certainly is a remarkable load for a 
concrete slab less than i-inch in average thickness. HowevtT, 
it must be borne in mind that we are dealing with a factory- 
made concrete whose strength at ninety days will average from 
three to four thousand pounds per square inch. To produce 
concrete of this quality requires proper machinery and equipment 
for crushing, screening, mixing and casting. It is in develop- 
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ment of Ihe casting that the Pittsburg Company have made 
greatest advancement. AH casts made in sand moulds are filled 
from an agitator or traveling mixer. This agitator is driven by a 
motor attached to it. which keeps the mixture from segregating 
while being carried from form to form. In the manufacture of 
structural concrete sections and building blocks the majority of 
cases require metal moulds, so that the mixture could not be made 
of the consistency of that used for casting in sand when sufficient 
water can be added to make it liquid, since the surplus is absorbed 
by the sand. Also the sections being so thin, and the reinforce- 




ment so distributed, the problem of getting a concrete which 
should have the proper proportion of water to give maximum 
strength, and which would entirely fill the forms, was a serious 
one. A solution was effected by the use of a jarring or vibrating 
machine on which the form is set filled with stiff concrete and 
vibrated until the concrete works its way into every crack and 
crevice. The result obtained by this method of casting have been 
so successful that it would not be surprising if it worked a revolu- 
tion in present methods of manufacture of concrete products. A 
few seconds' vibration will so compact concrete mixed with the 
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ordinary proportion of water of about 12 per cent, by weight that 
even the air will be driven to the surface, leaving an exceedingly 
dense mass, which will be thoroughly compacted around reinforce- 
ment. This same machine is used for making sand moulds similar 
to the manner that small castings are moulded by machines in 
modem foundry practice, and its use has reduced the labor cost 
of making concrete stone in sand moulds fully 30 per cent. 

. Figure 1 1 shows a set of forms for making hollow building 



FIG. II.— SET OF FORMS FOR MAKINC TWO-l'lECe HOLUJW BUILDIWU BLOCKS. 

blocks on this same machine, sufficient blocks to build two cubic 
yards of wall or equal to 1,000 bricks can be cast in a few 
minutes by such a method and the resultant concrete will be 
of the highest quality. 

Unit construction of factory-made reinforced concrete mem- 
bers properly seasoned and tested, in which the units are made 
in the most economical size for handling and erection, and of 
such section, proportions and quality of material as to give the 
maximum efficiency of both steel and concrete, is the logical 
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conclusion of the great development now taking place in concrete 
construction. It would be the repetition of the development of 
every other structural material, the displacement of crude, 
expensive and uncertain hand methods by the more positive, 
efficient factory methods. 

As timber increases in cost, concrete is certain to come into 
more general use. For certain purposes it has already become 
more economical. As the science of the manufacture of Portland 
cement develops so will the science of its application and the 
method of concrete construction, which will eventually be adopted, 
will be the one in which the materials are worked to their highest 
[X)int of efficiency, which, in the belief of many, can be obtained 
only by the unit system of factory-made economically designed 
members. 

No doubt the reason that this form of construction is not 
more generally used is due to the excessive cost of equipping 
a plant for manufacturing. Sufficient development has already 
taken place, especially in Europe, and in a few instances in 
America, where buildings have been erected on the unit system 
of separately moulded members made at the site, to demonstrate 
its practicability. The true economy of this form of construction 
will only be demonstrated when the system is extended to 
factory-made members. 



CO-OPERATION— WHAT IT IS AND WHAT IT CAN 

ACCOMPLISH. 

By Robert W. Lesley, Assoc. Am. Soc. C. E.* 

The present seems the age of co-operation, and more 
especially in cement and its affiliated industries and interests. 
That co-operation has done much for this important material 
in which we all have common claims is too well known to need 
repetition, but, briefly, let us consider the subject as it exists 
to-day and see what co-operation has done for us in the field of 
engineering. It is but a few years ago that the Portland cement 
industry began to take giant strides, which have made it one 
of the great manufacturing interests of the country, and it is 
but a few years ago that concrete, concrete block, and, in fact, 
concrete construction of every description, became most import- 
ant in the country. Let us look back at the causes which have 
led to this development. Certain it is that while the result may 
be partially due to the diminution of the supply of timber and 
the high cost of steel, yet, without the confidence and security 
which the co-operation of engineering societies in their specifica- 
tions and in their reports upon cement have given, the great 
progress we are all now enjoying would not have existed. 

First: We have the question of specifications for cement. 
These specifications, which are familiar to you all, are the result 
of the work of committees of the leading engineering societies, 
in conjunction with the committee of the American Society 
for Testing Materials. The work of this committee during the 
past five years has produced the "Standard Specification for 
Cement," of which probably 50,000 copies have been sent to all 
parts of the United States, and, in point of fact, to all parts of 
the world, and have made stable, permanent and fixed the qualities 
which engineers, manufacturers and consumers expect to find in 
Portland cement. Prior to this co-operation of engineers, specifi- 
cations were vague and uncertain. In the mind of each man was 
his own specification. Trouble to the consumer, user, manufac- 
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turer atid engineer of not knowing what good Portland cement 
shonld give under test was the never-ending question, but to-day, 



owing to llie co-operalion of the engineering societies and the 
manufacturers Ihemselves, the cloud has been rolled away, and a 
standard product is the result, the quahties of which are famihar 
to vou all. 
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Second : The next field with which we are all familiar in 
the line of co-operation is that of concrete and reinforced 
concrete. The joint committee on this subject, which is com- 



posed of representatives of the various engineering societies, 
and on which your association is also represented, has, for over 
four years, been laboring arduously for the production of a 



specification fixing the qualities of what is known as concrete 
and reinforced concrete. In conjunction with the National 
Advisory Board on Fuels and Structural Materials, the com- 
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mittee has been afforded the support of the Government to the 
extent of more than $100,000, which has been expended under 
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the direction of our president, Mr. Humphrey, at the National 
laboratory at St. Louis. The work of this committee has been 
criticised, possibly, because it has not been immediately fruitful. 



but the subject which has been entrusted to the body requires 
time, cctfisideration and deliberation. It is with pleasure that, 
as a member of the National Advisory Board on Fuels and 
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Structural Materials and the Joint Committee on Concrete and 
Reinforced Concrete, I feel able to announce that the end of 
our labors is approaching, and that out of the four years of 
labor and thought a standard specification for concrete and 
reinforced concrete will be brought forth. Already, several 
temporary bulletins have been printed, and there are on press. 
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or ready for the press, about 20 more bulletins, containing in 
all some 1,200 pages of tests and experiments, which will be 
made public as rapidly as possible and which will be the basic 
elements upon which the standard specification will be made. 

Now, take these two instances of co-operation irom the 
engineering standpoint and let us see what they have done for 
us. First, the question of what Portland cement is and what 
test it should stand under proper specifications is settled. The 
manufacturing and testing requirements have been covered, 



Lesley on Co-operation. 121 

and for everyone who deals with cement the question of specifi- 
cations is a closed one, for the time being at least, according to 
our present knowledge. 

Now, to the subject of concrete and reinforced concrete. 
You all know the obstacles that concrete has met with on all 
sides from those interested in other materials and also from 
those desiring to induce extraordinary fire rates to be placed 
upon this important material of construction. You all know 
how these desires have manifested themselves in the suggested 
specifications for concrete in many cities or by the restrictions 
of fire insurance authorities. As a matter of fact, it may be 
stated almost as an accomplished prediction that when the 
standard code for concrete and reinforced concrete is made 
public, that there will be as absolute, clear-cut and definite 
specification for work in concrete and reinforced concrete as 
there is now for Portland cement itself, and with the progressive 
spirit that animates our American municipalities, it is but proper 
to assume that once this specification is made building depart- 
ments all over the country will be prompt to adopt it. So too, 
the fire risk experiments that have been made at the St. Louis 
and Chicago laboratories and the fire record data that have been 
gathered by the joint committee will, when compiled and put 
in form, make such a demonstration of concrete as a fire-resisting 
material that the insurance men will be only too glad to unquali- 
fiedly recognize it as such. So much for what co-operation 
has done. 

Now, let us see what co-operation can do. We read that 
the cement manufacturers have organized an Association of 
Licensed Cement Manufacturers, in which many of the great 
producers have joined. We also note that the Association of 
American Portland Cement Manufacturers is another important 
body having to do with the development and best interests of 
this great industry. Both of these bodies, working hand in 
hand, hope to produce important developments in the broadest 
way in their chosen field. 

It IS expected that within a short period, this co-operation 
among cement manufacturers may lead to the establishment of 
such a laboratory as is now possessed by the German Portland 
Cement Manufacturers' Association — a laboratory unequaled in 
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its equipment for testing and investigation work, and this 
laboratory will, no doubt, under proper arrangement, be placed, 
by reason of the broad spirit of co-operation, at the service of 
the cement users and other kindred associations for such investi- 
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gations as they might desire to make, they being users of the 
material produced by the manufacturers controlling the labora- 
tory. Such a laboratory might very properly, following out 
the same field of co-operation, test and certify, under scientific 
engineering inspection, as to the quality of American brands of 
cement being sold in the markets of the world as representative 
of exported cements. It mic^ht also certify to the strength, under 
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similar methods and with eminent scientific authority, of blocks, 
bricks, pipes and other products made by members of the 
National Association of Cement Users. Thus, by this co- 
operation between the cement manufacturers and cement users, 



a vast field of experimental work and scientific research would 
be opened up in the field of cement and concrete development. 
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Now, as to co-operation among cement users. This associa- 
tion is the National Association of Cement Users. If National, 
why not National in its broadest lines? I recognize that local 
organizations of cement users in Iowa, Nebraska and the North- 
west, etc., may be with propriety called local organizations. Why 
should not our association embrace all these local organizations 
and have their local fields, either by consolidation or by giving 
all local . State organizations representation in the main body 
according to membership? That information which the cement 
users of Iowa desire is the identical information which the 
cement users of Massachusetts want ; they are all dealing in 
the same product and desire to achieve the same results. The 
National Association of Cement Users should have the co- 
operation of every cement user. It should know no East, no 
West,* no North, or no South, but it should be National, and 
should be the fountain head of all information on this important 
subject. It should not be necessary that the papers of interest 
that are published in the various Western papers and the pro- 
ceedings of the Western associations should be scattered in loose 
pamphlets or in loose volumes, but all these papers should, as 
the representative expression of sections of a National association, 
be part of our Proceedings. 

How is this to be accomplished ? Our annual book is gotten 
out with great difficulty and at great expense. Our income is 
not large enough to meet our requirements. We have not funds 
enough to provide a proper secretary at a salary sufficient to 
make a business of our business. We should start by having 
such a secretary, and taking in as sections of our association 
the proper representation of the local concrete and cement users 
all over the United States. These bodies, at moderate dues 
per member, or at a reasonable rate of dues as an association, 
should be given representation in our body, and their proceedings 
should be published as proceedings of sections of our association, 
so that a member of any of these bodies would get a copy of 
the Proceedings of the National Association of Cement Users. 
The cement manufacturers, and also the block and machinery 
makers, should also be interested in the development of such an 
association as this. There should be a class of contributing 
members at $25 or $50 per annum, to which class cement 
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and machinery manufacturers, as above stated, should be alone 
eligible. These are interests which are primarily interested in 
the success of cement users, and to them should be committed 
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the duty of providing the large amount of money required to 
conduct such a National association on the co-operative lines, as 
I have described, and to enable it to circulate such bulletins and 
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to produce such volumes of annual proceedings as will be a 
credit to our organization. 

Now, to another point of co-operation, and in this I speak 
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with a little delicacy, but feel that in handling the subject of 
co-operation it is but fair to bring before \'ou all the facts. Is 
the National .Association of Cement Users properly warranted 



Leslf.y ox Co-operation. 127 

in becoming a National Association of Cement Exhibitors, or 
is not the field of annual exhibition rather within the purlieu 
of the producer of the cement itself and of the machinery for 
making blocks, pipes and other forms of cement products? 
In other words, is not our association only concerned in the uses 
of cement, and are we not more interested in information that will 
make our products better, make our results more uniform, and 
make our costs less, rather than in an exhibition showing the 
machinery with which we make our products and the cement 
out of which our products are made? My feeling is that two 
cement exhibitions in a year are too great a task upon those of 
us who are really interested in this association, and as one 
exhibition a year will, as a natural result, become one week that 
each of us is ready to devote to this subject, there ought to be 
co-operation between the Chicago Cement Products Exposition 
Company and our association in this matter of expositions. 
Possibly an arrangement by which for two years the exposition 
would be held in the West, and the third at the seacoast 
in the East, would accomplish a result beneficial to all. Co-oper- 
ation between the Society and exhibitors is a primary requirement. 
This would take a large amount of responsibility off the officers 
of our Association and put it where it properly belongs — upon 
those interested in the products of our industry. Such an 
arrangement would improve our meetings and lessen our 
expenses, and our association would gather its proper award 
by having these expositions always held under the auspices of 
the National Association of Cement Users. 

Now to conclude. One more field of co-operation and one 
most difficult to reach seems to have been met in the convention 
of the National Institute of Architects, at Chicago, where the 
profession, in the person of its most distinguished representa- 
tives — some of whom will address our convention — joined hands 
with the cement users and cement manufacturers in listening 
to papers covering the artistic and architectural possibilities of 
the material in which we are all interested, and it is in this field 
of co-operation, namely, the combination of art and architecture 
in concrete, that I desire to occupy your attention for a few 
moments while I run through about a dozen slides showing a 
recent development in the artistic use of concrete. 
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[The slides referred to by the speaker, shown herewith, com- 
prise a dozen or more colored views of the tiles and concrete 
work in the Racquet Club of Philadelphia, and in a conservatory 
in a private residence near that city, an exceedingly artistic result 
having been achieved by treating the concrete as a background, 
the tiles introducing decoration and color.] 



PROPORTIONING AND MIXING CEMENT MORTARS 

AND CONCRETE. 

By L. C. Wason.* 

The first part of this paper is devoted to the proportions 
and strength of concrete, which is interesting to the engineer, 
the latter part to equipment, methods and cost, which appeals 
especially to the contractor. 

The necessity of thorough mixing has been universally known 
for many years. The loss of strength from poor mixing is not 
perhaps so well known in figures. There were some private 
tests made at the Watertown Arsenal about eight years ago, in 
which the writer was interested, which throws some light upon 
improper mixing. On a large job a certain type of mixer was 
disapproved of by the supervising engineer, who insisted upon 
a comparative test of machine and hand mixed concrete. All 
concrete was made with proportions of one part of cement, three 
of sand and five of broken stone ranging from 2]/^ inches to 
J4 inch, and was molded into one foot cubes. A full size batch 
was first made with machine without any previous dry mixing of 
the aggregates. As the material was dumped from the mixer 
a cone was allowed to form, down the sides of which quite a 
quantity of stone rolled, separating from the mortar and accum- 
mulating around the base of the cone. A second batch was made, 
the cement and sand being thoroughly dry mixed before adding 
the stone, and then thoroughly mixed together when in the mixer. 
No cone was allowed to form. A third batch was mixed by 
hand, being turned five times, the engineer with a hoe throwing 
into the mass stones which became accidentally separated from 
it. In filling the molds the engineer insisted that from the first 
batch stone be shoveled up from around the base of the cone. 
The rest of the batch which remained properly mixed was filled 
into other molds, four cubes and two beams being made from 
each batch. The first cube averaged only 2]/^ pounds, or about 
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2 per cent, lighter than the other three cubes, due to lack of 
mortar. Nevertheless, it gave a result of 28 per cent, below 
that of the average of the other three, the figures being 3,081 
pounds per square inch as against 4,263 pounds per square inch, 
the average of the other three. Age of all specimens was 90 
days. The average of the four cubes which were dry mixed 
before mixing in the machine was 4,123 pounds. The hand mixed 
specimens averaged 3,187 pounds. It will be seen that there is an 
advantage in machine mixed concrete over that made by hand 
of 25J4 per cent., and that that which was not dry mixed before 
putting into the machine gave 3J^ per cent, greater strength 
than that which was. The machine used in this case was the 
portable gravity concrete mixer. It is safe to assume that these 
specimens were more carefully made than under ordinary com- 
mercial conditions, which they tried to reproduce, and the marked 
weakness of the specimen which lacked but a small amount of 
mortar is very significant. The weakness is doubtless due to the 
voids in the material reducing the cross sectional area. Ten years 
ago another series of experiments was conducted by the writer 
at the Watertown Arsenal, giving the relative merits of machine 
and hand mixed concrete and the strength of various mixtures. 
A cylindrical drum batch mixer was used. These were speci- 
mens one foot square and varying from 6 to 14 feet in length. 
They were all made in midwinter in an open lumber shed and 
remained in the open air until tested, which accounts for the 
low ultimate strength. The modulus of elasticity of the hand 
mixed specimens with proportions of 1:3:6 and average age 
of 43 days at a stress of 700 pounds per square inch was 2,500,000, 
the machine mixed 2,870,000, an increase of 12^4 per cent, of the 
modulus. The ultimate strength of the hand mixed was 921 
pounds, the machine mixed 1,1 11 pounds, an increase in the 
ultimate strength of 17 per cent., due to machine mixing. The 
hand mixed specimens in this case were somewhat better than 
commercial conditions, because in order to fill the moulds the 
concrete was handled several times more than would be neces- 
sary in placing ordinary work. Each handling was equivalent 
to a mixing. It will be seen, therefore, that there is a marked 
improvement in strength, due to machine mixing; and as the 
machine is positive we can be assured of obtaining this concrete 
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uniform, whereas with hand work it is likely to be anything but 
uniform, while a little carelessness makes a big difference in the 
final strength. A series of specimens were made one foot square, 
six feet long, machine mixed, identical in every way except the 
amount of cement used. There were two specimens each, 1:3:6, 
1:4:8, 1 : 5 : 10, 1:6:12, 1:7:13. The results of each pair were 
averaged and are shown in the accompanying diagram (Fig. i). 
these tests are not extensive enough to be conclusive they indicate 
that the strength is directly proportional to the amount of 

_ • 

cement used. Be careful to note the difference between the ratio 
of parts of cement to parts of stone and the ratio of volume of 
cement to volume of concrete. With rich mixtures there is a very 
great difference. In the table given later the strength of rich 
mixtures are all from actual tests, while a few of the lean 
ones are interpolated from the diagram in which it will be seen 
the lean mixtures most nearly agree with the average line. If a 
similar diagram is made for the rich mixtures in the table it will 
be noted they are also proportional in strength to the amount of 
cement used. The results can also be expressed mathematically. 

Taking the common formula for a straight line, 
y = mx -|- b. 
where ordinate y = volume of cement 

volume of concrete 

abscissa x = ultimate strength of concrete in pounds per 

square inch, 
m =: slope of line whose intercept on the Y axis 
is b. 
From the diagram we obtain 
y = .0001 IX + .03 
X = 909iy + 273 

During the construction of the Boston subway the engineers 
got better results from briquettes made from mortar taken from 
hand mixed concrete on the job than from that mixed in the 
laboratory, which would indicate that if laboratory tests are 
satisfactory work properly done by hand on the job is bound to 
be. During the past season, when there has been such great 
activity in all lines of industry so that there has been a great 
demand for labor, it has been difficult to keep laborers on jobs 
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where concrete was hand mixed on account of this claiss of work 
being harder than other forms of concrete work. At the same 
time the laborers appeared to be more ignorant than of old as to 
how to mix by hand. Below is an exact copy of table used for 
many years in the writer's practice of proportions and corres- 
ponding strength for concrete as taken from actual tests from 
reliable sources. 
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The costs in table are based on the following constants: 

Cement (Vol. 3, 8 c, f.) delivered on job per bbl., net $i.7S 

Broken stone (91 c. f. = i ton), per ton 1.50 

Sand, per cu. yd i. 20 

Gravel (containing stone and sand in right prop.), per cu. yd 1.15 

Labor (foreman, common and misc.), .06 c. f., on per cu. yd 1.62 



In the selection of sand care should be used to avoid that 
which is fine and not sharp. The diflerence in strength due to 
these qualities alone in some tests of the writer's on sand that 
was used in foundations amounted to a loss of 52 per cent, from 
standard sand. Dirt should also be avoided. There has been 
some controversy as to how much can be permitted, but the 
writer believes that the ordinary test which is performed on the 
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work of throwing a handful into a glass of water is sufficiently 
reliable for all cases. When the water is badly muddied and 
remains clouded for a considerable time the sand should be 
washed or rejected. 

There is little difference obtained in results of broken stone 
or gravel. By actual test the writer has found that a broken 
stone having a rough surface with angular fractures will give 
an increase in strength over a rough bank gravel of about 15 
per cent, in most cases. In some, however, the gravel has given 
the greatest strength. If the stone has a glossy surface, such 
as is found with some trap rocks, the gravel will always g^ve 
the greatest strength. In the first instance, if the specifications 
required 1:3:6 broken stone concrete, and there is a 
difference in cost between broken stone and gravel screenings 
of 2 cents per cubic foot, it will be cheaper to use a mixture 
of 1 : 2^ : 5 with gravel and still obtain an equal strength with 
the broken stone. The writer makes the rule never to allow the 
size of stone in its greatest dimension to be more than half the 
thickness of the work into which the concrete is to be placed. 
In large size work very much larger stone can be used than is 
ordinarily done with very good results, the only limitation being 
that of convenience in handling. In regard to placing, it is 
much easier to obtain dense concrete, that is, without voids, 
using gravel than using broken stone, as angular pieces will 
sometimes arch together allowing a void to form underneath. 
Therefore, for water-tight work gravel is to be preferred every 
time. For nearly all classes of work the best results will be 
obtained by using such an amount of water that the concrete 
when placed will just barely quake, but is not sufficiently soft 
to flow. The leanest mixture the writer ever uses is i : 4 : 8. In 
heavy bridge abutments, where mass rather than great strength 
is wanted, with thorough mixing and careful placing still leaner 
mixtures might be used with safety. By reference to the table 
it will be seen that only one cent per cubic foot will be saved 
by using a mixture of i : 5 : 10, and the owner ought to pay 
this difference as insurance against the carelessness which is 
apt to occur on this class of work. In building construction 
where no restrictions exist the writer's standard mixture is 
1:3:6 for every part of the structure. In fourteen years of 
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practice this has had some severe tests without failure. In one 
floor built eleven years ago, and which has been frequently over- 
loaded ever since, there has been a number of minor failures 
because the foreman, contrary to orders, mixed one floor 
1 : 3J^ : 7. This would appear then to be the limit of leanness. 
Mixtures of i : 2j4 : 5 and 1:2:4 are often used, but arc unneces- 
sary in ordinary cases. Where a floor or column will be loaded 
in two or three weeks or is subject to vibration, the richer mixture 
is desirable. A mixture richer than 1:2:4 is never necessary, 
except in heavily loaded columns whose size is limited. Cement 
is the cheapest and easiest form of reinforcement. The writer 
has used in columns one part of cement to one part of graded 
stone without any sand for a working load of 1,200 pounds per 
square inch. When this is done care must be used to continue 
this mixture through the thickness of floor, which will have a 
leaner mix. 

Mixers are of two general types, the continuous and the 
batch. The continuous can be divided into those with and those 
without power. Without power the principal machines are the 
portable gravity and the Haynes mixer, which is a series of 
conical hoppers supported one above another. The principle 
of both of these, as first designed, was identical; a concave 
inclined surface with pins inclined relatively to this surface of 
the machine. In its latest pattern, the Haynes, however, has 
been changed by omitting the inclined pins which supported a 
small central cone in each hopper and by adding gates, so that 
now it is a batch mixer. Those with power are of the trough 
type and have various means for mixing, such as screw, paddle 
blades, or revolving trough or drum with blades attached to 
side. The difficulty of good work with all this class of mixers 
is in combining materials before feeding into the machine. If 
they are not properly combined in the right proportions before 
feeding it cannot be done afterwards. There are various types 
of automatic feed to overcome this trouble, but they are not all 
positive and require constant attention. This type of machine 
is not much used now, due chiefly to this uncertainty and in part 
because they are not as economical to operate as a good batch 
mixer. Batch mixers are almost universally used because their 
mixing is positive. They can be obtained in the form of cubes. 
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cylinders and double cones. All give good results because all 
material in each charge is thoroughly mixed together, the differ- 
ence in operation of the various machines being in the ease of 
discharging and the wear and tear of the machine parts. The 
writer has used the Chicago Cube, the Ransome and McKelvey 
cylindrical, and the Smith double cone machines, and prefers the 
latter to any other because of its very quick and clean discharge 
and because the wear and tear is small. With the batch mixer 
it is entirely unnecessary to dry mix before wet mixing. It is 
also somewhat difficult, because the water remaining from one 
batch will interfere with the dry mixing of the next. The best 
method to follow when the whole batch is not dumped into the 
machine at once from a measure is to add water first, then 
stone; these scour out the mixer so that it always runs clean; 
then cement and sand last. 

The question is sometimes asked when to use a mixer. The 
answer is, when the cost of setting up, taking down and trans- 
portation equals the difference in cost of mixing by hand or 
machine. It has been the writer's experience that under ordinary 
conditions concrete can be measured and mixed by hand for 
$1.30 per cubic yard, and by machine for $0.85 per cubic yard 
for the simplest method of setting up. The difference between 
these, $0.45, times the number of yards to be mixed, will give 
the saving to be used in paying the general expenses of setting 
up a mixer, which for teaming a distance of three or four miles, 
setting up, dismantling and returning, together with allowance 
for wear and tear, amounts to $70. The cost of operating is 
included in the above cost of mixing. It will thus be seen that 
a job using 155 yards will be as cheap machine mixed as by 
hand, and, of course, any larger job should invariably be mixed 
by machine. The size to use should be determined by the size 
of the job and the amount which must be placed in one day. 
It is always best, however, to err on the safe side by having too 
large a machine than too small a one. Have one that is capable 
of mixing the day's work in three-quarters of a working day, 
allowing three minutes for mixing a batch and assuming a 
barrel of cement to contain 3.8 cubic feet, which equals 100 
pounds per cubic foot, and is now becoming quite general. The 
greatest problem of operating a mixer is that of feeding and 
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removing concrete. A mixer of the proper size will always mix 
faster than this can be accomplished. The simplest way of 
feeding which is suitable for small jobs is to build a wheel- 
barrow run to the feeding hopper and dump directly in. The 
hoppers which are attached to machines of some makes which 
lie on the ground and are filled by wheelbarrows and then lifted 
by the power that drives the mixer and dump into the machine 
are very convenient and economical ways for handling concrete 
on small jobs and reduces the cost somewhat from the first 
method named. For large installations more economical methods 
should be obtained. Local conditions have such an influence 
upon the arrangement of plant that no general rule can be 
given. On a job the writer had the past year, where over 
125 yards had to be handled every day and where there was 
no room for storage on the ground, local conditions determined 
the following method. The job was situated between two build- 
ings. There was a canal between them in which the concrete 
was placed. On one side there was just room enough for a 
railroad track, on the other there was a width of 25 feet. To 
handle materials elevated bins holding about 50 tons of stone 
and 30 tons of sand were built high enough so that the aggre- 
gates were drawn through spouts into a measuring box, stone 
in front, sand behind, cement on top. This was pivoted to 
tilt and dump directly into mixer, which in turn was raised high 
enough for tram cars on rails to run underneath and receive 
the discharge, a four bag batch, at a time. Two derricks were 
erected on the edge of the canal with booms long enough to 
reach across. Skips were set into the freight cars, filled by hand 
and swung by the derricks and dumped into the elevated bins. 
This method proved very satisfactory and economical. Fifteen 
freight cars were unloaded daily. After one was unloaded it 
was pulled ahead by block and tackle by the hoisting engine 
and replaced by another. The derricks commanded three cars at 
a time. By this means the cost of unloading cars and measuring 
and mixing was $0,338 per cubic yard, and the cost of the 
installation, maintenance, dismantling and rental, which handled 
3410 yards, was $1,571.93, or $0,461 per cubic yard. In isolated 
places, where crushers have had to be erected, we have erected 
elevated bins with bucket elevator and rotary screen high enough 



138 Wason on Proportioning and Mixing. 

to draw materials into measuring hopper and discharge directly 
into the mixer and found the cost of mixing to be $0,346 per 
cubic yard and the installation to amount to from $1.98 per yard 
for a small volume of concrete to $0.61 per yard for a large 
volume. Where conditions require cars to be unloaded onto the 
ground, or where teams can dump close to the mixer, a very 
convenient way is to set a measuring hopper flush with the 
surface of the ground, dig a hole into which the mixer is set, 
so that the hopper dumps directly into it, and set the elevator 
which handles the material into a building low enough to 
receive the discharge from the mixer. This set up is inconvenient, 
if the concrete is not to be lifted to a considerable height, as 
in building work. For feeding a mixer in this way the two- 
wheel barrows holding six cubic feet will be found very con- 
venient and economical to use, because they handle a considerable 
volume at one time, and a man can handle six feet in this way 
as easily as two with a Pan-American barrow. 

The above methods, though briefly described, may throw 
some light upon handling concrete, the economy of which 
depends upon handling it in large masses without the requirement 
of much labor. It is possible, however, as the writer has learned 
by experience, to spend so much in the installation of an economi- 
cal mechanical plant that the incidental costs of installation offset 
the saving in the cost of the mixing of a comparatively small 
volume of concrete over the cost of a very simple set up, with 
higher labor cost of operating. Therefore trained judgment is 
always the best guide in the long run. 



Mr. C. W. Robinson. — I am interested in cement block 
manufacturing only, and would like to ask which kind of mixer 
gives best results with an aggregate of not more than ^ in.; 
the pug mill type, with arms, or the cone type. 

Mr. W. W. Schouler. — My experience with a mixer of the 
cone type has been that it is not adapted to a dry mix, unless you 
have a coarse aggregate. It discharges very quickly, throws and 
mixes the concrete well ; whereas in a dry mix, that is sand and 
cement without broken stone, it does not work well. 

Mr, L. C. Wason. — Batch mixers of the revolving receptacle 
type can be used with equal facility for mixing concrete or mortar, 
wet or dry. They are economical machines because of the speed 
of charging and discharging, the uniformity of quality of the 
product, and the small wear and tear on the machines themselves. 
The type of mixer with stationary receptacle and two or more 
revolving shafts with blades, which churn the material up thor- 
oughly, and later dump it through the bottom of the receptacle, 
is suitable for some classes of work, but on the whole it is not 
so satisfactory, in the opinion of the writer, as the revolving 
batch type. In the latter the concrete is raised and falls back by 
gravity over obstructing blades on the inside, and is for this 
reason sometimes called the "tumbler*' type. One feature of the 
coating of the aggregate by the cement with this type can be 
illustrated by manipulations in plastering. Where plaster is not 
sticky enough to hold when applied with a stroke of a trowel 
it is common to see a plasterer take it on his trowel and throw 
it at the wall, the material in this way sticking, when it would not 
hold under the sliding movement of the trowel. It is this throw- 
ing or spattering of the cement against the stone, which is 
obtained in a revolving drum, instead of the sliding effect, which 
is obtained in a stationary drum with rotating blades. 

The cost figures of machine mixing, $0.85 a yard, and hand 
mixing, $1.30, takes the material from the stock piles, cement 
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from the storehouse, measures and mixes them and leaves them 
ready for placing, but none of the cost of placing is included, 
as this is variable, according to local conditions of the work. 

President Humphrey. — One of the main conditions in the 
use of limestone or material which will be affected by heat, is to 
keep the aggregate away from the surface. If you have a siliceous 
sand in your mortar, and you can get your material well coated, 
a very high temperature can be applied for a long time without 
serious injury to the material. The strength of the concrete is 
in a large degree dependent upon the strength of the aggregate, 
so that some of these soft limestones with a great deal of flour 
in them will not make as good concrete. as a harder stone. 

Mr. a. W. Cadogan. — What would be the effect on a lime- 
stone aggregate when water is applied ? 

President Humphrey. — In the fire testh made at Chicago 
with panels of various materials, the action of water in constantly 
changing the surface of the material beneath, was the cause of 
the splitting action. Of course, if the limestone has been heated 
to such a temperature that it has driven off the carbonic acid gas, 
converting the limestone into lime, then the addition of water to 
the lime would slack it. 

Mr. Emilk G. Perrot. — I have witnessed a number of fire 
tests on reinforced concrete made by the city of New York and 
other cities, and find from observation and also from reports of 
Prof. Woolson and the inspectors in charge, that invariably all 
the tests were on concretes made of trap rock aggregates — in one 
instance lime stone aggregate was used in New York. When 
fire tests were not successful, the failures were not due to the 
aggregate, but were due to structural reasons, and also to the 
greenness of the concrete. The test in which lime stone was 
used proved to be a very good one. The reason for the success 
of this test is that the cement and mortar so thoroughly coated the 
stone that the fire could not calcine it. When the water was 
turned on by the fire department it did not affect the stone, 
but acted upon the cement which coated the aggregate. I also 
witnessed a fire test on a concrete in which particles of limestone 
had been mixed with trap rock, and there the limestone did 
blow out when the water was turned on; in other words, left 
little holes in the concrete. I have also seen data of fire tests on 
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limestone concrete cubes which showed the concrete to have 
disintegrated under the action of fire so that it was unable to 
sustain any crushing. The cubes simply went down as lime 
would, when the water is turned on it. I think the matter of the 
protection that the cement gives to the aggregate is all important. 
We have tested quite a number of stone from the section of the 
country about Philadelphia and find that we can take almost any 
stone and destroy it in a furnace. This same stone in a fire test 
might be very successful, so that it is not simply a question of 
whether limestone, trap rock or gravel is used for the aggregate, 
but it is a question whether the cement protects the stone suffi- 
ciently to keep the elements of fire and water from contact with 
the aggregate. 

Mr. Cadogan. — In sidewalk construction, conceding the dif- 
ference in strength of limestone and trap rock, should trap rock 
be used in preference to limestone, even though the former costs 
more ? 

Would the adherence of the cement to the sand be just as 
good with the limestone as with trap rock? 

Mr. Wason. — For sidewalk work, I should say a stone which 
was strong enough would do just as well, because there is no 
danger of fire. The adherence would not be just as good, but 
plenty good enough. 

There is little difference in the strength of concrete made 
from bank - gravel in which the stones have a rough sur- 
face, and crushed stone concrete. Sometimes one and some- 
times the other shows the greater strength, according to the 
mortar. In a series of tests where concrete was made from 
broken limestone, brick, glass and several other types of aggre- 
gate, the limestone gave the greatest strength because the texture 
of its surface gave the greatest adhesion to the mortar in spite 
of the fact that cubes of the limestone had not nearly as great 
a crushing strength as trap rock or some other types of aggre- 
gate used. If the stones from a gravel bank are so large that 
they have to be crushed, the resulting material should be classi- 
fied as broken stone rather than gravel, because most of the 
pieces will have angular fractures throughout, and those which 
are not entirely angular will have but a small proportion of their 
surfaces round. 
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Any one of the above-mentioned types of aggregate are 
sufficiently good for use in fire resisting concrete. Although 
limestone would ultimately be calcined, or glass melted, this will 
not occur before the cement is in itself disintegrated. In various 
fire tests conducted by the city of New York at a temperature 
of from 1,700° to 2,000°, maintained for five hours, this heat 
was not sufficient to destroy the cement in this length of time, 
and certainly will not destroy the aggregates which are buried 
in it. Small lumps of coal have been found half an inch from 
the exposed surface after the tests, entirely unaffected by the 
heat. In the tests which have been personally examined by the 
writer, the amount of pitting has not exceeded one inch in depth 
and it is usually much less, and the conductivity has been so 
poor that he has been able to bear his hand on the top surface 
of a floor five inches thick without burning after a fire had been 
raging for five hours below. The cement will stand for an 
indefinite period a temperature of 500°, but 900° will ultimately 
disintegrate it if continuous. In designing buildings, and espe- 
cially the columns, which are the most exposed portion, so as to 
be entirely independent of the action of flames, it has been the 
practice of the writer after determining the size necessary to 
carry the given load, to add another inch of material all round, 
which may be burned away without impairing the necessary 
carrying capacity of the column and can later be repaired by 
plastering. 

President Humphrey. — The fire resistive qualities of con- 
crete are very materially affected by its density. Its ability to 
withstand fire seems to be proportional to its strength, all other 
conditions being the same, and it is a fact that the strength 
increases with increase in density. Concrete is a very poor con- 
ductor of heat, and this is an additional reason why concrete is 
such a good fireproofing material. The effect of the outside 
temperature upon the interior of a large mass of concrete is 
very small, in fact, the interior mass does not undergo a ver>' 
great range in temperature between the extremes of cold in winter 
and heat in summer. Some experiments were made on the 
Boontown dam in which recording thermometers were imbedded 
at different depths in the concrete walls and it was shown that there 
is little range of temperature in the interior mass during the 
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period of a year, although there may be a very considerable range 
in temperature in the outside air. 

Mr. Daniels. — In order to carry a water pipe under a bridge, 
for instance, and at the same time set it in a concrete beam, 
how thick would you make this concrete in order to avoid the 
possibility of the water pipe freezing? How much air space is 
required ? 

Mr. Goodrich. — My experience in cold storage warehouse 
work shows that paper with air spaces between, is better than 
grout, and we use two thicknesses of concrete. The usual prac- 
tice in cold storage work is to put your coldest freezing rooms 
on the top of the house, because cold seems to penetrate very 
slowly through four-inch concrete floors with a difference of tem- 
perature of only ten degrees on the two sides. The dead air is 
the insulation. Concrete is a poor insulator, also a slow, but 
comparatively good conductor. Heat will be carried through a 
concrete floor after some hours, when the fire has entirely died 
out on the other side. 

Mr. DanieLtS. — I have had an experience in carrying water 
through a concrete tube. It was made hollow so as to provide 
air space, and one inch of air space allowed around the pipe. 
The space itself is square, and carries a three-inch pipe through 
a five-inch square opening, but I have had the water freeze up 
in that pipe. 

Mr. Charles D. Watson. — We had some concrete work in 
northwest Canada, where we had a temperature of forty degrees 
below zero. The frost would penetrate twelve inches of floor. 
It depends entirely upon the temperature on the outside and the 
age of the concrete. If the concrete was fresh, of course, water 
would freeze considerably faster than if the concrete was per- 
fectly dry. The conditions vary so. 

Mr. Wason. — When plastering on cold walls, the results 
seem to indicate that concrete is a fairly good conductor, because 
the external cold strikes through so that the plastering is liable 
to freeze on the inside. In one case solid walls eighteen inches 
thick, which were perfectly dry on the inside, and where the 
inside temperature was maintained at 45** to 50®, while the exter- 
nal was from 10° to 15°, invariably permitted the plastering 
to freeze. In another case where walls were not quite dry, ten 
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inches thick, with the same internal temperature, while the exter- 
nal was from 25** to 30**, plastering froze. Several years ago 
the writer executed a design, that indicated that under ordinary 
conditions concrete is a poor radiator of heat, for the General 
Fire Extinguisher Company, of Providence, who are specialists in 
heating, which has proved satisfactory. A conduit was constructed 
about five hundred feet long between a boiler house and a mill, 
just wide and deep enough to receive two six-inch and two small 
pipes. The large pipes carried live steam and were not covered 
in any way. After the pipes had b«en laid in this conduit a cover 
of concrete was constructed over them so as to render the con- 
duit waterproof against ground water. It was only carried to a 
depth of two and one-half feet below the surface, which is not 
below the frost line. The conduit was open at both ends to 
make it easy to observe whether there was any leakage or not. 
It was assumed that if any vapor escaped from either end of 
the conduit there must be some leakage which would permit water 
to vaporize. After the conduit was dried out, which took about 
two weeks, no further vapor has been observed, and the writer 
has been informed by the engineer of the company that the loss 
of heat by radiation through the concrete is small. 



SPECIFICATIONS FOR CEMENT SIDEWALKS. 

By C. W. Boynton.* 

We will treat in this paper more particularly of cement 
sidewalk specifications and have prepared a set of specifications 
and present them in the hope that your attention may be called to 
the importance of the subject and that in the- near future this 
Association may appoint a committee to co-operate with municipal 
and other engineering organizations in the preparation of standard 
specifications for this cass of work. 

In preparing our specifications we have made a very thorough 
study of the specifications at present used by thirty-six (36) rep- 
resentative American municipalities, and it has been our endeavor 
to select only the best clauses therein, letting our personal opinion 
have weight when no uniformity existed in the requirements of 
the specifications studied. 

It is, as you can readily realize, a somewhat difficult problem 
to embody in a single specification all the points that varied condi- 
tions of climate, soil, material, etc., will require ; however, we feel 
that we have made our specifications sufficiently elastic to meet 
these conditions and believe that engineers will find little difficulty 
in applying them, and at the same time keeping within their limits. 

Portland cement meeting the requirements of the standard 
specifications of the American Society for Testing Materials, 
which are also the standard of our Association, is required, 
because we believe that such provision will result in the use only 
of good cement. 

Some specifications still require a sharp sand, but we consider 
that this is retained through force of habit, and few engineers 
refuse to permit the use of a good round grained sand. The size 
of the sand grains is of much more importance than their shape, 
and it is to this part of the specifications for sand that we 
particularly wish to call your attention. It is a well established 
fact that good work can result only from the use of well balanced 

* Chief Inspector, Universal Portland Cement Company, Chicago, 111. 
10 (145). 
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aggregates, and to this end our specifications call for grains vary- 
ing in size. To guard against the possibility of the use of a sand 
which shall contain a large percentage of very fine grains or a 
large percentage of grains approximately one size we have further 
specified that not more than twenty (20) per cent, shall pass a 
No. 50 mesh, and on sieve analysis not more than forty (40) 
per cent, shall pass a No. 4 mesh and be retained on a No. 10 
mesh; not more than thirty-five (35) per cent, shall pass a No. 
10 mesh and be retained on a No. 20 mesh, etc., etc. 

It is this method of specifying sand by sieve analysis rather 
than the exact specifications that we wish most strongly to empha- 
size. We must admit that our study of sands has been rather 
limited, as the samples we have used were taken almost entirely 
from deposits in the Middle West. Further study will doubtless 
require alterations which will not diminish the quality of the 
resultant work and yet may not be so prohibitive. We feel con- 
fident, however, that these requirements will render an excellent 
material for sidewalk work, and, with our present knowledge, 
material not meeting them should be looked upon with suspicion. 
It is, of course, within the province of the engineer to alter speci- 
fications to meet local conditions to which the work he supervises 
is subjected. 

The same statements might be made regarding torpedo sand, 
and in addition we might add that though some engineers dis- 
courage the use of any kind of sand for the wearing course we 
can see no reason why an excellent top cannot be made using 
a sand such as we specify. 

The advantages and disadvantages of using sand which con- 
tains any kind of foreign matter has been discussed to a greater 
or less extent at every meeting of this Association, and it has 
been the consensus of opinion that such matter as roots, sticks, 
leaves, etc., is to be eliminated. On the other hand, the dis- 
cussions have indicated a strong tendency by some to use a sand 
containing large quantities of clay or loam. By placing ou? 
limit at five (5) per cent, we hope to eliminate sands of ques^ 
tionable value, and may, in rare cases, exclude a sand capable of 
giving excellent results. A large number of laboratory experi- 
ments have shown that sands carrying as high as ten (10) per 
cent, loam or clay give better results than the same sands washed 
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dean; nevertheless, laboratory conditions cannot be met with in 
practice and we would not recommend broadly the use of sand 
containing over five (5) per cent, of these ingredients. If these 
impurities occur as a coating to the sand grains they prevent good 
adhesion and such sand should always be avoided. 

Referring to the printed table which accompanies these speci- 
fications I wish to call your attention to that column under the 
heading "Size of Aggregate/' "Base." A study of this will 
show you stone and gravel specified, varying in its largest dimen- 
sion from three-quarters (^) inch to two and one-half (2j4) 
inches. We have chosen as our largest dimension one and one- 
quarter (ij4) inches, because it is used by some of the largest 
cities and comes nearer being an average of all sizes specified. 
It is also our personal opinion that, considering the quality of the 
work obtained, this size will prove the most economical. As to 
the minimum size, one-quarter (J4) inch is so generally specified 
that it can be accepted without question. We wish to emphasize 
that in screening all aggregates the screening shall be done when 
the material is dry; this is particularly necessary with stone, as 
crusher dust will adhere to the stone, acting the same as a coating 
of clay or loam on sand grains. Moreover, this material will 
frequently form balls and lumps which will pass over the screen 
with the aggregate instead of being separated from it. 

For similar reasons wet screenings and screenings from wet 
or dirty stone must be avoided. Where dirty stone is crushed 
the greater part of the dirt is carried through with the screenings, 
thus making the screenings doubly objectionable. Although 
screenings may be prepared with great care, if they become wet 
and are used in that condition it will be found that they lump and 
ball badly, making a homogeneous mixture impossible. 

We have endeavored to bring more closely together the 
specifications for stone and gravel, and the specifications for 
screenings and sand, believing that when these materials meet 
the requirements set forth they may be used interchangeably 
with Ijjtle variation in the quality of the work. Our requirements 
for screenings are the same as those for sand, with the added 
clause that such screenings shall meet the approval of the 
engineer. Sand from a certain locality usually is quite uniform 
in quality, but the ever present possibility that poor stone may 
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be run into the crusher leads to the addition of this special pre- 
caution. 

While the quality of sand or gravel is quite uniform, the 
same cannot be said of the proportions of small and large par- 
ticles contained in a natural mixture of the two. In using 
unscreened gravel, unusual precautions are necessary to obtain 
uniform results, therefore the voids must be frequently deter- 
mined and proportions corrected accordingly. 

The material to be used for the foundation will depend 
largely upon the local conditions, and the engineer can best deter- 
mine from the materials available which ones are the most satis- 
factory and economical. The material chosen must be of such a 
character as to withstand tamping without breaking to the extent 
that it will prevent proper drainage. We have endeavored to 
cover all possible materials and have limited them to the sizes 
that we consider the best for suitable drainage. 

Water is another material the quality of which is largely 
dependent on the locality, and, in general, care should be exercised 
in the use of all water liable to contain oil, sulphuric acid and 
alkalis, as the action of these elements on concrete is, as yet, 
not clearly understood. 

It is perfectly fitting at this time to say a few words in regard 
to the use of cement tile for sidewalk drains. There are a number 
of machines on the market which are capable of producing good 
tile at low cost, and we wish to encourage the cement tile business 
by recommending the substitution of cement tile for clay tile in 
all places where drain tile are required. 

Again referring to the table, it will be noticed that the depth 
of the sub-grade below the finished surface of the walk has quite 
a wide variation, in fact, all the way from the thickness of the 
walk to eighteen and one-half (i8>4) inches. Correspondingly, 
the thickness of the sub-base ranges from zero (o) inches to 
fourteen ( 14) inches. In mild climates, such as the Gulf and Paci- 
fic coast countries, the drainage of the base is not an important con- 
sideration, but some northern cities have not provided for a 
suitable foundation because of soil conditions. As the soil in some 
cities gives a solid bed for the walk, the fact that water should 
not be permitted to remain in the bed has apparently been ignored. 
It must be borne in mind that this foundation is not only to furnish 
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a solid bed for the walk, but shall also provide a means for 
carrying away the water and thus preventing frost and ice forma- 
tion to the ultimate injury of the walk. We recommend, there- 
fore, a suitable foundation at least eight (8) inches thick, and 
in localities subject to frost, where the soil is particularly imper- 
vious, also advise the use of sidewalk drains. In our specifi- 
cations we suggest a form of drain that is very satisfactory, but 
in many cases a drain of this character is not necessary and 
would be a needless expense. When conditions are not extreme 
crushed stone trenches running to the gutter or to blind drains 
are ample. 

Water should always be kept from the top of the walk if 
only for aesthetic reasons, and we have provided for suitable drain- 
age not to exceed one-quarter (}i) inch per foot. Except in 
special cases a slope of one-half (^) to three-quarters (^) of 
an inch in a six-foot block is ample, and walks with slopes exceed- 
ing one-quarter (J4) of an inch per foot are unsightly and liable 
to be dangerous in inclement weather. The forms should be set 
so that the same slope is carried throughout the same stretch of 
walk. 

Along this line we might emphasize the use of forms made 
from good material, and, as specified, at least two (2) inches 
thick. 

In order to have work appear well, when finished, all lines 
must be straight and this cannot be accomplished with poor shaky 
forms. All forms should be cleaned and, as well as the founda- 
tion, thoroughly wetted before the concrete is deposited. Plac- 
ing concrete on dry foundations or against dry forms can only 
result in robbing the material of one of its vital constituents, 
moisture. 

Examination of the accompanying table will show that our 
limitation of the size of the blocks to six (6) by six (6) feet 
is not far from the average. This size block is practical and, except 
in special cases, we believe is as large as they should be made. 

The specifications provide for maintaining rectangular blocks 
with definite joints between abutting blocks, and it is important 
that this matter be considered in connection with the surface 
joints which must occur immediately over those in the base. 
The failure to give this matter proper consideration has resulted 
in a great many unsightly walks. 
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At the intersection of diagonal streets and in other irregular 
work particular care should be exercised in the construction of 
expansion joints, as many curbs and not a few walks have 
been destroyed by either the lack or misplacement of these joints. 
The objection may be raised that these joints detract from the 
general appearance of the walk ; and while this is true, to a cer- 
tain extent, it is far better that such joints should occur by 
design than for the walk to be made unsightly by cracks and 
breaks. 

The proportioning and mixing of concrete is a subject that 
has probably been more widely discussed than any other relating 
to the use of cement, and many have set ideas as to the propor- 
tions that should be used for different classes of work. It is 
only after a careful study of the voids of the aggregates that 
any idea can be gained of the best and most economical propor- 
tions, and therefore this specification calls for proportions 
which can be determined only by knowing the voids. Where 
a physical analysis of the aggregate is not made we have speci- 
fied a 1:3:5 mixture, believing that such a mixture will usually 
give a good concrete, but not necessarily an economical one. 

The mixing specified agrees closely with that of most cities, 
and it is hardly necessary to point out that extreme care should be 
used in this branch of the work, since, without sufficient mixing 
good materials and proper proportions are of little value. The 
cement should never be placed upon the platform, but always 
upon the sand, as the cement is the vital part of the mixture, 
and great care should be exercised to prevent any loss. For 
similar reasons spraying the water on the mixture is advisable, 
for by this method there is less danger of washing the cement 
out of the sand. The custom of adding water just before the 
materials are deposited also results in loss unless the mass is 
mixed at least once, as specified, subsequent to this addition. 
Whenever possible all the water should be added in the early part 
of the process of mixing. Retempering is never to be counten- 
anced. To obtain the best results material should be kept in 
motion from the time water is added until it is deposited in the 
forms; this can only be approached by the use of a mechanical 
mixer; the amount of work in one locality, however, will not 
always permit of the economical operation of a mixer. Along 
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the same line is the provision that the top shall be applied to the 
base within thirty (30) minutes after the base is deposited and 
within fifty (50) minutes after the base is mixed. A poor bond 
between the base and the wearing course can only result in their 
separation sooner or later, and to insure good bond the mortar 
must be applied when the consistency of the mortar in the base 
is somewhere near that of the mortar applied. Another manner 
in which the bond is destroyed is by permitting sand, dust and 
dirt carried on the base by the workmen and by high winds to 
remain ; such foreign material should always be removed. 

It may seem unnecessary to specify that wheel-barrows be 
tight and not overloaded, but this point is more important than 
it may appear on first consideration. It is useless to carefully 
proportion and mix the materials according to specifications and 
then have the best part of the mixture, the mortar, lost through 
carelessness. The most vital constituent of the mixture is being 
wasted and all our precautions to obtain proper proportions have 
come to naught. 

Again, as in the case of choosing the size of aggregate, the 
thickness of top chosen agrees closely with the majority of the 
specifications studied. Were the conditions of laying such that 
an even thickness could be obtained throughout the work, we 
would have no hesitancy in reducing this dimension, however, 
considering the variations in the level of the base, a lower limit 
cannot be risked. The wearing course is of necessity a very 
rich mixture, being in the proportion of one (i) part cement 
to one and one-half (lyi) parts sand, and a top laid to a thick- 
ness exceeding three-quarters (}i) of an inch we believe to be 
a waste of good material. This excess cement could be used 
to better advantage in increasing the strength of the base. 

In conclusion, we would say that what we wish most strongly 
to attain is a higher class of workmanship in the construction 
of these walks, for while the materials may be of the best, it 
is a fact that many walks fail because of slip-shod w^ork. 
As a usual thing, the owner of a walk judges its quality only by 
the appearance of the surface, and for this reason walk, other- 
wise good, should not be discredited by a carelessly finished top. 
Work should be thoroughly, but not over-troweled, because by 
excessive troweling too much cement is brought to the surface 
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and unsightly hair-like cracks result. Roughened surfaces should 
be made in a neat and symmetrical manner and maintain a uni- 
formity throughout the walk. So also should the markings divid- 
ing the blocks form, as near as practical, rectangular blocks, but the 
fact that these lines shall come over the joints in the base should 
never be overlooked. 

After such walk is obtained it is essential that the finished 
work should be well protected from careless people and the 
elements. Walks that have been patched are always unsightly 
and all possible precaution should be taken to prevent such work 
being necessary. 

With these suggestions we offer you this specification, hop- 
ing that it may receive careful consideration which will result 
in some concerted action being taken toward the compiling and 
adoption of a standard specification for cement sidewalks. 



Suggested Specifications 

FOR 

Portland Cement Sidewai^ks. 



Portland 
Cement. 



Sand. 



MATERIALS. 

The cement shall conform in every detail to the Standard 
Specifications for Portland Cement adopted by the American 
Society for Testing Materials (1904).* 

The sand shall pass a No. 4 screen and be free from all 
foreign matter, excepting loam or clay, which will be per- 
mitted if the quantity does not exceed five (5) per cent, and 
when these ingredients do not occur as a coating on the sand 
grains. 

Not more than 40% shall be treated on a No. 10 mesh, 
or 35% pass a No. 10 and be retained on a No. 20 



« 



(« 



« 



20 " " 30 

30 " " " " " 40 

40 ** " " " " 50 

Not more than 20% shall pass a No. 50 mesh, 

or 70% pass a No. 10 and be retained on a No. 40 mesh, 

" 20 " " " " " 50 

Torpedo Sand. Torpedo sand shall meet all the requirements for sand 



1906. 



* Adopted by the National Association of Cement Users — Milwaukee Convention, 
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specified above, but more than fifteen (15) per cent, passing 
a No. 40 mesh shall be deemed sufficient cause for rejection. 

Stone shall be crushed from clean, sound, hard, durable stone, 
rock, shall be screened dry through a one and one-quarter 
(ili) inch mesh and be retained on a one quarter (%) inch 
mesh. 

Screenings from the crushed stone specified above, which screening 
shall meet the requirements for sand, may be substituted for '^"^ ®*"®* 
sand if approved by the Engineer. 

Screenings from the crushed stone specified above, which Screeninss 
shall meet the requirements for Torpedo sand, may be substi- '°*^ ^*'**' 
tuted for Torpedo sand if approved by the Engineer. 

Gravel shall be clean, hard and vary in sizes from that Oravei. 
retained on a one-quarter (%) inch mesh to that passed by 
a one and one-quarter (i^) inch mesh. 

Unscreened gravel shall be clean, hard and contain no Unscreened 
particles larger than one and one-quarter (1%) inch. The 
proportion of fine and coarse particles must be determined 
and corrected to agree with the requirements for concrete. 
(See Base, Proportioning.) 

Clean, hard cinders, slag, gravel, crushed stone or broken Foundation, 
brick shall be used for the sub-base. This material shall 
range in size from one-half (^) inch to four (4) inches in the 
largest dimension. 

Water shall be reasonably clean, free from oil, sulphuric Water, 
acid and strong alkalies. 

Tile shall be porous cement or hard-burned clay tile of Tiie. 
uniform size and free from cracks. 



SUB-GRADE. 

The sub-grade shall be not less than twelve and three- ^^pJJ ^•'<>''- 
quarters (i2fj) inches below the finished surface of the walk. Walk, 
and shall have a slope toward the curb of not less than one-, giope. 
half (5^) inch per foot. 

All soft or spongy places shall be dug out and all depres- Depth of 
sions filled with suitable filling material which shall be 
thoroughly compacted by flooding and tamping in layers not 
exceeding six (6) inches in thickness. 

When, to bring the walk to grade, a fill exceeding one Deep fiii». 
foot in thickness is required, it shall be made in a manner 
satisfactory to the Engineer. The top of all fills shall extend 
beyond the walk on each side at least six (6) inches and the 
sides shall have a slope of not less than one to one and one- 
half (1:1^). 

When required, a suitable drainage system shall be in- Drainage. 
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width. 



Thlckneiijt. 



Material Wet 



Materials. 



Scttlnff. 



Cross Forms. 



Size of Blocks. 



Expan^lun 
Joint. 



Forms Wet. 



Stalled and connected with sewers or other drains indicated 
by the Engineer.* 

SUB-BASe. 

On the sub-grade and at least two (2) inches beyond the 
inner and outer lines of the walk, shall be spread cinders or 
other suitable material, hereinbefore specified, which shall be 
rammed thoroughly to a surface at least four and three- 
quarters (aH) inches below the final grade of the walk. On 
fills the sub-base shall extend to full width of the fill and 
the sides shall have the same slope as the sides of the fill. 

While compacting the sub- base, the material shall be kept 
thoroughly wet and shall be in that condition when the con- 
crete is deposited. 

FORMS. 

Forms shall be of surfaced lumber free from warp, and 
not less than two (2) inches thick. AH mortar and dirt 
shall be removed from forms that have been previously used. 

The forms shall be well staked to the lines and grades 
given by the Engineer, and their upper edges shall conform 
with finished grade of the walk, which shall have sufficient 
rise from the curb to provide proper drainage, but this rise 
shall not exceed one-quarter (%) inch per foot, except where 
such rise shall parallel the length of the walk. 

At each block division, cross forms shall be put in the 
full width of the walk and at right angles to the side forms. 

Forms shall be so spaced that no block shall contain 
more than thirty-six (36) square feet or have any dimen- 
sion greater than six (6) feet. 

A metal parting strip one-half (J/^) inch wide shall take 
the place of the cross forms at least once in every fifty (50) 
linear feet of walk. When the walk has become sufficiently 
hard, this parting strip shall be removed and the joint filled 
with suitable material, prior to opening the walk to traffic. 
Similar joints shall be provided where new walk abuts curbing 
or other artificial stone walk. 

All forms shall be thoroughly wetted before any material 
is deposited against them. 



BASE. 

proportioninr. The concrete for the base shall be so proportioned that 

the cement shall overfill the voids in the sand by at least five 



* A trench 12" x 12" just below the sub-grade, paralleling and with its outer 
line coincident with the outer line of the walk, in which is laid a three (3) inch 
tile surrounded by material similar to that used in the foundation, provides a 
satisfactory drain. 
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(5) per cent., and the mortar shall overfill the voids in the 
stone or gravel by at least ten (10) per cent.* 

When the voids are not determined the concrete shall 
have the proportions of i part cement, 3 parts sand or screen- 
ings and 5 parts stone or gravel.** 

The sand shall be evenly spread on a level water-tight Mixing, 
platform and the cement spread upon the sand. After 
thorough mixing, dry, to a uniform color, water shall be 
added in a spray and the mass turned until a homogeneous 
mortar of even consistency is obtained. To this mortar shall 
be added the required amount of stone or gravel previously 
drenched, and the whole shall then be mixed until all the 
aggregate is thoroughly coated with mortar. 

Where unscreened gravel is used, the cement and gravel 
shall be thoroughly mixed dry until no streaks of cement are 
visible. Water shall be added in a spray in sufficient quantity 
to render, when thoroughly mixed, a concrete equivalent to 
that specified above. 

Water may be added during the process of mixing, but 
the concrete shall be turned at least once immediately after 
its addition. 

Retempering will not be permitted. Retemperins. 

Machine mixing will be acceptable when a concrete equiv- Machine 
alcnt in quality to that specified above is obtained. The *****"*^- 
mixing of mortar and concrete shall be thorough and satis- 
fatory to the Engineer. 

The concrete shall be deposited within forty (40) min- Depositing, 
utes after being mixed and shall be transferred to the forms 
in water-tight wheelbarrows. The wheelbarrows shall not be 
filled so full as to permit mortar to slop out, and shall not 
be run over the freshly laid concrete. 

The concrete shall be spread evenly and tamped until 
water flushes to the top. 



* To determine voids in sand, fill a vessel with sand and let net weight of sand 
equal B. Fill same vessel with water and let net weight of water equal A. 



Formula : 



-, . -J AX 2.65 — B ^ . 

Per cent voids = -V^ vHa. — X 100 

A X 3.05 



This formula may also be used in determining voids in crushed stone and screen- 
inss, by substituting for 2.65 the specific gravitv of the stone. 

The following is a more simple method for determining voids in coarse aggregate: 
Pill a vessel with the ag^reg^ate and let net weight equal B. 
Add water slowly until it just appears on the surface and weigh. Let net 
weight equal A. 

UnW same vessel with water and let net weight equal C. 



Formula: Per cent, voids = 



A — B 



The larger the vessel the more accurate the result. 

Do not use a vessel of less than one-half (^) cubic foot capacity. 

** A sack of cement (94 lbs.) shall be considered to have a volume of one 
(i) cubic foot. 
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Thlckn«a8. 



C*r« of Bas«. 



The base shall be at least four (4) inches thick and the 
top surface at least three-quarters (f^) of an inch below the 
finished surface of the walk. 

After the concrete has been thoroughly rammed against 
the cross forms, they shall be removed and the material for 
the next block deposited so as to preserve the joint. Care 
shall be taken to maintain rectangular blocks of uniform 
size. 

Workmen shall not be permitted to walk on freshly laid 
concrete, and where sand or dust gets on the base it shall 
be carefully removed before the wearing course is applied. 



Thickness. 



lilzlns. 



D«pOBitlnK. 



Block 
Marklncs. 



JMigtm 
Rounded. 

Troweling. 

Rouichened 
Surfaces. 



WEARING COURSE. 

The wearing course shall have a thickness of at least 
three-quarters (^) of an inch. 

The mortar shall be mixed in the same manner as the 
mortar for the base, but in the proportion of i cement to i^^ 
Torpedo sand or screenings, and it shall be of such consis- 
tency that it will not require tamping, but will be readily 
floated with a straight edge. 

The mortar shall be spread on the base within thirty (30) 
minutes after mixing, and in no case shall more than fifty 
(50) minutes elapse between the time that the concrete for 
the base is mixed and the time that the wearing course is 
floated. 

After working the top to an approximately true surface, 
the block markings shall be made directly over the joints in 
the base with a tool which shall cut clear through to the base 
and completely separate the wearing courses of adjacent 
blocks. 

The blocks shall be rounded on all surface edges to a 
radius of about one-quarter (%) of an inch. 

When partially set, the surface shall be troweled smooth. 

On grades exceeding 5 per cent., this surface shall be 
roughened. 

When a roughened surface is required, it may be obtained 
by the use of a grooving tool, toothed roller, brush, wooden 
float or other suitable tool; or by working coarse sand or 
screenings into the surface. 



PROTECTION. 

When completed, the walk shall be kept moist and 
protected from traffic and the elements for at least three (3) 
days. The forms shall not be removed for a similar period, 
and upon removal earth shall be banked against the edge of 
the walk. 
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REPORT OF THE COMMITTEE ON STREETS, 
SIDEWALKS AND FLOORS. 

By George L. Stanley, Chairman. 

In preparing specifications for sidewalks for adoption by 
our Association, it has been the aim of your committee to bring 
before you such specifications as, when followed, will result in 
good. and serviceable sidewalks. 

In the United States there is such a diversity of materials 
for the principal aggregates that it would seem almost impossible 
to specify the amount of cement and have a uniform strength, 
unless the amount of cement specified varied. If it was only 
necessary to choose a suitable brand of cement, there would be 
but little difficulty. Both sand and gravel are often of a poor 
quality, and it is often difficult to get the sizes of gravel suitable 
for sidewalk concrete. The committee has recognized this as a 
fact, and has stated the amount of cement for the minimum size 
as the safe amount to be used for all sizes. 

As to the amount of water to be used, there is a difference 
of opinion, but for two-coat work, the amount of water should 
be such as will insure a solid mass when the sidewalk is finished 
and hardened. A perfect union of both top and bottom coats 
can only be accomplished by tamping the two coats together, 
and tamping can only be done successfully when just enough 
water is used to allow the air in bottom and top coats to escape 
as the concrete is tamped. Some may claim that this is too 
slow work. 

The experience of the chairman of your committee has been 
that, everything else equal, especially quality and durability, 
as many square feet can be laid in a day by using the amount 
of water stated in the specifications as by using more. The 
delays in waiting for the water to soak or dry out more than 
offset the advantage of quick spreading and striking off of the 
top coat. 

It has been the lot of your chairman to take up and replace 
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many sidewalks. He has found that tamped sidewalks, where 
good, clean, sharp sand and gravel were used, did not show 
any defects, even after they had been in use seventeen years, 
but where an excess of water has been used, the sidewalks have 
been broken by frost, and in many cases the top coat had 
separated from the bottom coat. The apparent reason seemed 
to be that the top had not united to the bottom coat, because they 
had not been firmly tamped and worked together; good, durable 
sidewalks cannot result where the work is slighted in such a 
manner. 

Your committee has inserted clauses for the position of 
shade trees, knowing that in many of our growing villages and 
cities it is necessary to pay some attention to the liability of the 
roots raising the sidewalk. 

Under "Thickness of Sidewalks" has been given the 
minimum amount of concrete to be used to insure good, ser- 
viceable sidewalks. 

Your committee desires to submit the following specifications 
for your consideration: 

Proposed Specifications for Portland Cement Sidewalks. 

foundations. 

The sub-base should be made as solid and permanent as 
possible. Where excavations or fills are made, all wood or 
other materials which will decompose should be removed and 
replaced with earth or other filling. 

Fills of clay or other materials which will settle after heavy 
rains or deep freezing should be tamped solid in layers not more 
than 6 inches in thickness, so as to insure a solid embankment 
which will remain firm after the sidewalk is laid. 

Embankments should not be less than 2^4 feet wider than 
the finished sidewalk. When porous material, such as coal 
ashes, granulated slag or gravel, is used, under-drains of 
agricultural tile should be laid to the curb drains or gutters, 
to prevent water accumulating and freezing under the sidewalk 
and breaking the blocks. 

Shade trees should not be less than 4 feet from the sidewalk. 
Carolina poplar, elm, or other trees whose roots run near the 
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surface of the ground, should not be less than 10 feet from the 
sidewalk. 

Lines and grades should be given by an engineer, the stakes 
to be not over 25 feet apart and far enough from the walk so 
that an inspector may see that the walk is laid to line and grade. 

The molding strips should be firmly blocked under the ends 
of the center and carefully straight-edged, care being taken 
that they are of the proper height and parallel to the engineer's 
line. The sidewalks should be laid with a grade of one-fourth 
of an inch to the foot toward the curb. 

The thickness of the sidewalk should be determined by the 
location, the amount of travel, and danger of being broken by 
heavy bodies falling on it, or frost. 

Business front sidewalks should not be less than 4 inches 
thick. The top coat of business sidewalks should not be less 
than 1% inches thick. 

In residence districts there should be not less than i inch 
of wearing thickness, and the thickness for different widths of 
walks should be as follows: 

Six feet wide, the minimum thickness at the centers should 
be 4^ inches. At the edges, 4 inches. 

Five feet wide, the minimum thickness at the centers should 
be 3^ inches. At the edges, 3>4 inches. 

Four and one-half feet wide, the minimum thickness at 
the centers should be 2H inches. At the edges, 35/^ inches. 

Four feet wide, the minimum thickness at the centers should 
be 3J/^ inches. At the edges, 3 inches. 

All other widths, the minimum thickness at the centers 
should be 3^/2 inches. At the edges, 3 inches. 

Size of blocks may be determined by the width and thick- 
ness of the walk. Business front walks should contain not over : 

Twelve square feet when the walk is 4 inches thick. 

Sixteen square feet when the walk is 5 inches thick. 

Twenty square feet when the walk is 5^2 inches thick. 

Twenty-five square feet when the sidewalk is 6 inches thick. 

Residence districts where the sidewalks are: 
. Six feet wide, 5 inches thick at the center, the blocks should 
be not over 6 feet or less, than 4 feet long. 
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Six feet wide, ^Yz inches thick at the center, the block 
should be not over 5 feet or less than 4 feet long. 

Five feet wide, 4j^ inches thick at the center, the blocks 
should be not over 5 feet or less than 4 feet long. 

Five feet wide, 4 inches thick at the center, the blocks 
should be not over 5 feet long or less than 4 feet long. 

Four and one-half feet wide, 4 inches thick at the center, 
the blocks should be not over 4^ feet or less than 3 feet long. 

Four feet wide, 4 inches thick at the center, the blocks 
should be not over 4 feet or less than 3 feet long. 

Four feet wide, 3^^ inches thick at the center, the blocks 
should be not over 4 feet or less than 3 feet long. 

Other widths less than the above, 4 inches thick at the 
center, the blocks should be not over 3^ feet or less than 2)^ feet 
long. 

Other widths less than the above, 3}^ inches thick at the 
center, the blocks should be not over 4 feet or less than 2^ feet 
long. 

CONCRETE. 

The cement shall meet the requirements of the specifications 
for Portland cement of the American Society for Testing 
Materials, and adopted by the National Association of Cement 
Users at its second convention, January 24, 1906. 

Bottom coat, gravel, the largest size to not be over i inch, 
and all under % inch to be considered sand. Proportions to be 
one part Portland cement to four parts clean, hard gravel, and 
sand enough to fill the voids, which would make the proportion 
for most gravels one part cement to five of the whole aggregate 
of sand and gravel. 

Bottom coat, crushed stone. The size of broken stone 
should not be larger than ^ inch and vary in size to J4 inch 
and free from fine screenings and dust or soft stone. Proportions 
to be one part Portland cement, two parts clean and sharp sand 
and four parts broken stone, or one cement to four of stone, and 
sand enough to fill the voids. 

Mixing of both gravel and broken stone should be done 
by placing the stone in a mixing box or on a platform, then 
spreading the sand evenly over the stone, and in like manner 
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the cement over the sand. Cut through from top to bottom in 
thin slices, to insure an even mix. Turn with hoe or shovel 
twice before adding water, which should be done with a 
sprinkler, and mix the mass as sprinkled. The batch should 
be turned at least once after the water is applied. The amount 
of water used in the bottom coat should be only sufficient to 
make it, when firmly tamped, solid, and not quaky. 

Top coat. Proportions: Three parts Portland cement and 
five parts clean, sharp sand mixed dry and screened through 
a No. 4 sieve. The amount of water used in the top coat should 
be such that the surface of the sidewalk can be tamped, struck 
off, floated and finished within twenty minutes after it is spread 
on the bottom coat, and when finished it should be solid, and 
not quaky. 

An edger not less than i inch radius should be used on the 
outer edges of the sidewalk. 

Separation of the blocks should be done with a spud not 
over 6 inches wide and ^ inch thick, and to insure complete 
separation, the groove should cut through into the base. Fill 
the groove with dry sand before the top coat is spread; the 
top coat should be cut through to the sand after floating and 
troweling and a jointer run in the groove, then again draw a 
trowel through the groove, so as to insure a complete separation 
of the blocks. 

The protection of newly finished sidewalks from storms 
can be accomplished by covering with roofing paper or canvas. 
Canvas should never be laid on the sidewalk, but stretched over 
on a slant, so that the water will rim off. 

Grading after the sidewalks are ready for use should be 
on the curb side, ij4 inches lower than the sidewalk and with 
not less than J4 inch to the foot fall toward the curb or gutters. 
On the property side, the ground should be graded back at least 
2 feet, and not lower than the sidewalk; this will insure the 
frost throwing the sidewalk alike on both sides. 



Mr. W. W. Schouler. — In reference to the necessary foun- 
dation for a cement sidewalk in various parts of this country, 
I would like to say that in Newark we have always made it a rule 
to excavate 12 in. and to put in 8 in. of cinders, and we find 
our walks crack. I have seen some 5 miles of sidewalk in New 
York State laid on top of the ground in very cold weather, and 
could not find any cracks at all. This is an interesting subject, 
and I would be glad to hear the experience of others. 

Mr. Dana G. Chandler. — I have had the best success by 
building sidewalks on a solid foundation. If I had any trouble 
it usually was with filled foundations. I have built concrete 
walks on the hardest kind of what we call white oak clay with 
the very best of results. If good drainage is not provided for 
the cinders the water will expand when it freezes and raise your 
walk. I am very particular in cutting my blocks; every block is 
cut through and the crevices filled in with washed crushed stone. 

Mr. W. F. Wiselogel. — In our locality, where we have both 
sand and clay, we find that it makes but very little difference 
whether we excavate the clay and fill in with sand or not. 
If we have a good, solid foundation, we usually obtain a good 
walk. We use gravel, bank gravel, and screen out just enough 
sand for the top surface. We put in 3^ in. concrete and Yi in. 
top, tamp, float and trowel it well ; the latter I consider labor lost. 
We cut the joint through, put nothing whatever in it, simply using 
a 2 by 4, in the form and tamping up to it. Trees sometimes 
raise the joint, and if there is no joint, the stone will eventually 
be broken. It is said that the raising by the tree is caused by the 
roots growing and crowding upward. We put down a cement 
block floor wTiich came very close to a large red oak tree. The 
day we laid this floor a very severe wind came up, and the next 
morning we found a crack across the corner. Although the 
owner claimed the floor had settled, we did not believe it to be a 
fact, for by chance there was a tree at the other end of the floor, 
and we placed a shore against the form and the tree. The move- 
ment of the tree in the wind moved the shore, which convinced 

(162^ 



Discussion on Strews, Sidewalks and Fi/x)rs. 163 

us that its motion had been sufficient to crack the floor that had 
just been put down. Possibly, had the wind not blown for some 
time the floor would not have cracked at all. We replaced 
the defective part and it has not opened any, and for that reason 
we believe that the raising of walks by trees is caused more by the 
swaying of the tree and the sand working under than by the 
spreading of the roots. We know that roots do grow, and they 
grow next to the stone because it has moisture. Maple or elm 
trees, I think, are worse in this respect than any others. 

What we want is a specification that will apply to any locality 
— a specification which we can take to any one and say that it 
is the production of experienced and authoritative men from all 
parts of the country, and is the best that can be had. 

Another point worthy of notice is that of expansion joints. 
We have more trouble with sidewalks creeping and raising up 
due to expansion than from any other cause. If an expansion 
joint is left at intervals, this is obviated. 

Mr. George L. Stanley. — The matter of expansion is cov- 
ered by the specifications. The last thing we do after running 
our jointer is to take and draw the trowel the whole length of 
the groove right down into the sand and leave it open so that 
a small trowel can go down after the work has set. We have 
had no buckling or lifting of our sidewalks since we commenced 
doing this. If this groove is open down into the sand the whole 
length it will take care of the expansion. 

President Humphrey. — In these specifications appears the 
heading, "Bottom Coat Gravel." Why gravel, Mr. Stanley? Do 
you wish us to infer that nothing but gravel should be used ? 

Mr. Stanley. — The specifications originally also mentioned 
crushed stone. 

President Humphrey.— Why separate them; why not com- 
bine them under a single head? 

Mr. Stanley. — For this reason: in stone as it comes from 
the crusher there is often dirt which is very objectionable and 
must be removed in order to have good, clean material for the 
bottom coat. I have the specifications from Portland, Oregon, 
and the stone is mentioned in the specifications by itself, because 
of the dirt which is likely to be present. Of course the same 
thing is true of gravel; if there is dirt in gravel it should be 
removed. 
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President Humphrey. — It seems to the chair that the 
specifications should be general, and this particular clause should 
be amended so as to state that the aggregate should be screened 
and should be free from dirt and foreign matter. 

Mr. Stanley. — Our lake gravel contains a fine gravel and 
a fine sand, and it is very seldom that it is necessary to screen 
at all, and even where it is necessary to screen it, the dirt does 
not come out, because it sticks to the gravel. We have to 
handle stone different than gravel. 

President Humphrey. — I do not see why it is necessary 
to specify gravel or any other aggregate. If a specification says 
that the material must be clean, and the fine stuff shall not be 
finer than a quarter inch screen; this will cover crushed stone 
or any other material. 

Mr. Schouler. — I think it is well to specify gravel or all 
broken stone, not gravel and broken stone ; because where people 
use broken stone they cannot get gravel, and vice versa. If 
you do not specify your aggregates, the irresponsible contractor 
will start in to use cinder*. In the cities they are using cinders 
quite extensively. I am afraid in the course of a few years they 
will be sorry, because I do not think, unless there is twenty-five 
per cent, more cement used than with other aggregate, that yon 
can make as good a sidewalk with cinders as you can with sand 
and gravel. As regards the dust from a crusher plant, I think 
it is just as good as the sand, providing the cnisher is not screwed 
down to make nothing but screenings, as the finest is called; 
then you get a larger percentage of dust than the cement will 
stand. Coarse sand is better than fine sand. I have had quite 
a little experience using sand from half inch down to dust from 
the crusher, and it has made first-class work. 

President Humphrey. — There is another point. The 
specifications should state that the aggregate must be hard and 
not porous, and then cinders could not be used. And as to the 
question of dust, it should be noted that in some parts of the 
country they have soft limestone, and no matter how the crusher 
is set, you will get a large percentage of flour. I agree that 
screenings, good screenings, are better than sand. On the other 
hand, that could not be made a general rule, because you might 
get screenings containing so much flour that a very weak con- 
crete would result. 
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Mr. Edward D. Boyer. — I do not think we should lose sight 
of the fact that if we adopt a specification at all as an Association, 
we must adopt a general specification that will cover conditions 
in all parts of the country. 

I remember quite a number of years ago, when sidewalks 
were being built, that the general specification required you to 
dig out and fill in with cinder or ash below the frost line — if it 
was in Pennsylvania or Virginia, 12 in.; in Michigan, 18 in., 
etc. I think this is covered in the specification. Therefore, 
the point that you specify nothing but gravel is a good one. But. 
what in the world are you going to do in parts of Pennsylvania 
where they have no gravel; in New Jersey and other places — 
not all are fortunate enough to have lakes where plenty of gravel 
can be had. Gravel, just as well as stone, must be clean. I 
should think this could be overcome by saying that the aggre- 
gates, gravel or stone, should be washed before being incorpora- 
ted in the concrete. 

Mr. William Conk. — In regard to the upheaval of side- 
walks by trees. The contractor should be interested enough to 
see that any work that he has done be preserved. In some cities 
the Board of Public Works takes notice of uplifting of sidewalks 
by trees and orders a trench cut between the walk and the tree, 
the roots cut off and the trench built up; that saves the walk 
from heaving. 

I had quite a discussion over the question of foundations 
with the Board of Public Works at Detroit some sixteen years 
ago. I have opposed a deep foundation ever since, and have 
always had good success. As far as the bulging up of stone is 
concerned, seventeen years of work in Windsor has shown only 
a few troublesome stones. The fundamental principle is that the 
stone must be right, whether it is built on sandy soil or clay. 
I have built walks across a marsh where you could in the summer 
shake the ground for forty feet just by jumping, and yet those 
walks are in splendid condition to-day after ten years' wear. In 
some places on that marsh there was uneven settlement, but stones 
did not break up, and a little leveling was all that was needed to 
put them in perfect condition. 

I find in some places trees are more valuable than the ce- 
ment. I think it would be well in working around a tree to make 
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the blocks of such size that they could be replaced without dis- 
turbing the tree. I think that would be better than to have the 
tree taken away. 

Mr. Chandler. — I have had similar experience, but I do 
not know how you could cut a trench around, providing your 
walk comes inside the line of your tree. You would have to cut 
a little notch out to get around the tree. I cut the block opposite 
the tree, and on a four foot walk make a three foot block each 
side and cut those roots down below the grade line. 

In speaking of expansion: I built over five thousand feet 
of sidewalk all in one straight stretch. I found out by a little 
experience that you cannot cut a block in crushed stone with a 
trowel and make a success of it. It will adhere. There is no 
crack of any kind in that five thousand feet due to expansion. 

Mr. Stanley. — I had an experience of sixty feet of quaky 
ground, where it was all water and had to be filled. The sub- 
base was ashes. I expected the stone to break. There was not 
a cracked stone the whole length of that sixty feet ; but in some 
places where the ground was high and dry near trees I had some 
cracked stone that same winter. 

Mr. Schouler. — Regarding expansion and contraction, my 
experience has taught me that contraction cracks the sidewalk. It 
cracks with the change in temperature. 

By allowing cinders to be used you permit irresponsible 
people to think that if the owner is willing to have cinders, he 
is not particular as to what he is going to get, and they will 
consequently leave the cement out too. I would like the opinion 
of various contractors as to their experience with cinders in the 
building of sidewalks, because in the cities we have a good many 
cinders, and broken stone and gravel are expensive. 

Mr. Conk. — My experience with cinders is that they are 
no good for concrete. I have tried them, and find that you 
want good crushed stone or gravel. 

Mr. Chandler. — I have had a little experience with cinders, 
but not in using them myself, but taking out what the other 
fellow put in. I find that they are a very good thing to fill up 
a hole, but as far as building a* sidewalk is concerned, I do not 
think they are suitable, from what experience I have had; but 
where you want them for floor work, for light work that is pro- 
tected, they are very good. 
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Mr. C. B. McVay, New Jersey Concrete Construction Co., 
Newark, N. J. (Visitor). — I am especially interested in this 
question of cinder concrete for the concrete base of sidewalks, 
because in and around Newark they are being used a great deal 
more than either gravel or crushed stone. They are much cheaper, 
for the reason that we can get cinders for 40 cents a yard, 
where stone and gravel cost from $1.25 to $2.25. It has been 
my experience with cinder concrete sidewalks laid some two or 
three years ago, that the top coat pulled away from the cinder 
concrete base; this does not happen very often with a stone 
concrete. 

We have no end of trouble with joints for expansion of con- 
crete sidewalks. We make use of stone concrete for the base, and 
with a cutter attempt to cut through the base ; we often hit a stone, 
which turns the cutter one way ^nd the other. When it is finished, 
you fill with sand and attempt to cut the top down directly over it, 
but you cannot secure a straight line. I observed the work last 
year very closely, which was removed mainly of Portland cement 
sidewalks six feet wide. We specified that the blocks laid in alter- 
nately. Every five feet we placed a strip across the sidewalks, 
which was removed the next day. We had better success with 
that walk than with some forty or fifty thousand square feet 
laid previously, in which we cut the joints. 

Mr. Theodore H. Skinner. — I have in my professional 
work travelled all over New England, the Middle States and the 
Pacific coast, and it has always been the custom of our office and 
of those with which I am familiar, to specify concrete sidewalks, 
or driveways in connection with our work. Our specification 
requires an excavation of eighteen inches, a back fill of sixteen 
inches of cinders, or gravel, put down in two layers and tamped 
until it has settled to fourteen inches; on top of the fill lay four 
inches of rough concrete, surfacing with an inch and a quarter 
under the straight edge, float and trowel, bringing the excavation 
full. Work done in this way has not always been satisfactory, 
and the section of the country in which the work was done has 
not seemed to enter into the problem — there have usually beeen 
cracks. It is interesting to me at this meeting to hear practical 
sidewalk men advocate placing of concrete slabs on top of the 
ground without excavation. I should be very glad if further 
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testimony could be advanced on this subject, showing that satis- 
factory work can be produced in this way, for it will certainly 
be a great economy. The only place in which I have ever seen 
this method used has been in central New York, on the light 
sands of Madison County and in some places where sand and 
clay alternated. There I have seen many sidewalks laid four 
inches thick on top of the natural soil, two inches of loam, or 
sod, having been first removed, but in every case the work has 
been laid in alternate blocks with a board between, adjacent 
blocks being laid on successive days, or at a sufficiently later 
period to insure having .the first block set. My experience is 
simply that of an architect specifying work and watching to see 
that it is done correctly. If the preponderance of testimony of 
you cement users from all over the country proves that it would 
be safe for me to change my specifications from those I have 
indicated to yours, and thereby save my clients useless expen- 
diture, I will be glad to do it, and I should be glad if this dis- 
cussion could be carried further. 

Mr. W. H. Dunn. — In the city of Richmond, our speci- 
fications call for excavating and partly filling with cinders. The 
work done under this specification is, as a rule, very satisfactory. 
The blocks are generally laid alternating, so that the matter of 
the joint is secure. As a member of the Board of Commissioners 
of one of our largest suburbs, we have laid about four miles of 
sidewalk on the ground without any excavation further than 
just enough for the thickness of the concrete. The chief trouble 
that we have had has been, in some few instances, that the top 
coat has broken away from the bottom. I do not think that in 
our experience the top coat has been broken by frost, but because 
the concrete had become too dry before the top coat was put 
on. In every instance where the union between the top and 
bottom coats has been perfect we have had no trouble, and the 
top coat put down quite wet is an advantage rather than a dis- 
advantage. 

Mr. Franklin. — In laying sidewalks, and I have laid a 
great many, I find that the more cinders you use the more move- 
ment you have, and consequently the worst sidewalk. The great- 
est amount of cracking I have noticed has been due to the fact 
that the bottom concrete was too dry for the top coat. Water is 
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the best friend concrete has, and it is the cheapest thing you can 
use. I am a great friend of concrete, because I have had wonder- 
ful success with it. There are a great many cheap people in 
the building construction line, and consequently you have to 
figure with them. But there is one thing about cement, you must 
be honest; you cannot cheat it. The best results I have had in 
laying walks have been where I have left a solid bed of original 
earth and from one to two inches of tamped sand on top of that 
for drainage. The top coat should be placed on a bed of concrete 
made of good crushed stone, preferably, or of good clean gravel. 
The best results are with the excavation to the depth of your con- 
crete, adding another inch for a little trench of sand, and the 
result is a sidewalk that does not crack at all. I believe in floating 
and also troweling. 

Mr. Schouler. — A year or two ago I was unfortunate 
enough to have to go to a health resort. I went to Dansville, 
New York; not far is the town of Wayland, where Wayland 
Portland cement is made. I venture to say it is about as cold 
a place as there is in the country. There are from five to ten 
miles of sidewalks — I will say five in Dansville, four feet wide, 
laid on top of the ground. I rode the whole distance on horse- 
back and didn't find a crack. The work was done for nine cents 
a foot, the contractor stating that nine cents paid him well enough. 

I had a six-foot cement sidewalk running up to my house 
at home, which had been down five years and was all right. 
I had a four-foot slag walk along the street a hundred feet long. 
This I took up, tamped the ground solid, laid a five-foot side- 
walk, which has been there two years and has not moved a 
particle. There is a slope of about eighteen inches from the 
house to the street; the walk is three inches higher than my 
lawn; and when the snow melts, the water comes up and flows 
over the sidewalk and out into the street. 

Mr. L. a. Dietrich. — I have specified concrete buildings 
for eighteen years. When I built the first one in Buffalo, I was 
then called a crank, and said to be building a putty house, and 
stopped by the city for three months. I have two houses under 
way now; the cellars are in. I want to go five stories. There 
is five thousand dollars invested, but they will not let me proceed. 

In regard to sidewalks, I want to say this: We specify 
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sidewalks always with cinders, and I am disgusted with the 
cinder bottom. I have a brother who has been in the sidewalk 
business for years; he laid, eight years ago, a long stretch of 
sidewalk over an open common. The best part of the side- 
walk is on clay and is there to-day. 

Mr. D. M. Click. — I do not believe in cinders. It has 
been stated that cinders are required for drainage. Why do 
you want drainage under your sidewalk? I try to keep the 
water from under my sidewalks. It is the water getting under 
our sidewalks that heaves them. We have a clay soil, and formerly 
used cinders, but in the last five or six years we have omitted 
cinders entirely. Many of our sidewalks that had cinders under 
them are broken. I have seen cases where frost raised stone an 
inch, and after it thawed out, settle back to its place again. 
I do not believe in cinders where they come in contact with 
dampness. 

Mr. Boyer. — I would like to call attention to the subject of 
cinder concrete. I have had a little experience in investigating 
concrete made of hard coal ash, anthracite coal ash, and should 
like to say that if all were ash, you possibly would have no 
trouble. Even if it is, you might have some trouble with the 
lime that is in the ash after it is thoroughly burned. One of 
the great troubles with cinder concrete, to my mind, is the 
trouble that arises from the sulphur in the coal. Mr. Humphrey 
will bear me out in the statement, I think, that anthracite or any 
other coal ash, if not thoroughly burned, contains particles of 
the unbunied coal, and that is incorporated into the concrete. 
The sulphur in the unburned coal will give considerable trouble. 
I have in mind a floor in a certain factory where the complaint 
was that there were pits in the ceiling from which little cone- 
shaped pieces of cement fell out, and, of course, the cement 
was blamed for the trouble. It occurred to me that it was the 
sulphur or lime in the ashes working out to get to the surface. 
As far as I am concerned, I would not recommend the use of 
cinders in making concrete. 

Mr. Schouler. — I had a similar experience in a sidewalk 
in which no cinders were used. Some eighteen years ago we 
were using what we called Staten Island grit, that came from 
underneath the water. It was coarse, and made very nice 
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material for the wearing surface of* side>valk^. i noti<:^4 tbesc 
little blisters come and they seemecf to be of a jelly' that '<\ as 
very acid to the taste, but I found the same thing happened with 
cement where we did not use Statea ishnd grit,, and the sand 
came from the top of the ground wher6 you woiyIA cloI find 
any such blisters. 

The convention discussed in detail the specifications sub- 
mitted by the committee, together with those suggested by 
Mr. C. W. Boynton, and framed the standard specifications, 
later amended and adopted, as appear on the following pages. 
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NA:igi!jiv As^OGiiirtoN of Cement Users. 

PHILADELPHIA, PA. 



STANDARD SPECIFICATIONS 

FOR 

PORTLAND CEMENT SIDEWALKS. 

AooPTKD Januaey* igoS, 



1. Cement. 



2. S&nd. 



S. Stone. 



4. Bcreeninva. 



MATERIAI^S. 

The cement shall meet the requirements of the specifications 
for Portland cement of the American Society for Testing Mate- 
rials, and adopted by this Association ( Specification No. i ) , Jan- 
uary, 1906. 

Sand shall pass a No. 4 screen and be free from foreign mat- 
ter, excepting loam or clay, which will be permitted if the quantity 
does not exceed five (5) per cent, and when these ingredients 
do not occur as a coating on the sand grains. 

Not more than 40 per cent, shall be retained on a No. 10 sieve. 

Or 35% pass a No. 10 and be retained on a No. 20 sieve 

20 " 30 

30 " 40 

40 " 50 

Not more than 20% shall pass a No. 50 sieve, 

Or 70% pass a No. 10 and be retained on a No. 40 sieve 

20 " 50 " 

Stone shall be crushed from clean, sound, hard, durable 
rock, be screened dry through a J4"inch mesh, and be retained 
on a J4~i"ch mesh. 

Screenings from the crushed stone specified above, which 
shall meet the requirements for sand, may be substituted for 
sand if so approved. 

(17a) 
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S. Gravel. 



6. Water. 



«. Lumber. 



B. Setting. 



I. Trosss 

Forms. 



I* Rxpanjtion 
Joint. 



li. Wetting. 



12. BuKfn^jiff 
nistrlctn- 



Gravel shall be clean, hard and vary in size from that 
retained on a one-quarter (^) inch mesh to that passing a 
three-quarter (^) inch mesh. 

Unscreened gravel shall be clean, hartl and contain no 
particles larger than three-quarters (^) inch. The propor- 
tions of fine and coarse particles must be determined and cor- 
rected to agree with the requirements for concrete. 

Water shall be reasonably clean, free from oil, sulphuric 
acid and strong alkalies. 

FORMS. 

Forms shall be of lumber, free from warp, and not less 
than one and three-quarters (i}i) inches thick. All mortar and 
dirt shall be removed from forms that have been previously 
used. 

The forms shall be well staked to the established lines 
and grades, and their upper edges shall conform with finished 
grade of the sidewalk, which shall have sufficient rise from the 
curb to provide proper drainage; but this rise shall not exceed 
one-quarter (J4) oi an inch per foot, except where such rise 
shall parallel the length of the walk. 

At each block division, cross forms shall be put in the 
full width of the walk and at right angles to the side forms. 

A metal parting-strip one-half (J/2) inch thick shall take 
the place of the cross-forms at least once in every fifty (50) 
linear feet of sidewalk. When the sidewalk has become suf- 
ficiently hard, this parting-strip shall be removed and the joint 
filled with suitable material prior to opening the walk to traffic. 
Similar joints shall be provided where new sidewalks abut curb- 
ing or other artificial stone sidewalk. 

All forms shall be thoroughly wetted before any material/ 
is deposited against them. 

SIZE and thickness of blocks. 

In business districts blocks shall be so divided that no 
dimension shall be greater than six (6) feet; thickness of side- 
walk shall correspond directly with the greatest dimension of 
the walk as follows: 



3. Residence 
DiBtricU. 
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Block 6 X 6 feet; thickness 6 inches. 

"5x5 " " s'A " 

" 4/2 X 43^ " " 5 

"4x4 " " 4 

In residence districts the thickness shall be as follows: 
Block 6x6 feet; thickness, 6 inches. 

" 5x5 " " 5 " 

4x4 4 

" 3x3 " " 3 " 

In residence sidewalks it shall be permissible to lay side- 
walks with a thickness at the edges twenty-five (25) per cent. 
less than the thickness at the center. 
^ Th?rkZT«. In no case shall the thickness of the walk be less than three 

(3) inches. 

sub-base. 

5. Preparation. The sub-basc shall be thoroughly rammed, and all soft spots 

removed and replaced by some suitable hard material. 

6. Pills. When a fill exceeding one foot in thickness is required, it 

shall be thoroughly compacted by flooding and tamping in layers 
of not exceeding six (6) inches in thickness, and shall have a 
slope of not less than one to one and a half. 

The top of all fills shall extend at least 12 inches beyond 
the sidewalk. 

7. Wetting. While compacting, the sub-base shall be thoroughly wetted 

and shall be maintained in that condition until the concrete is 
deposited. 

base. 

8. Proportions. The coucrctc for the base shall be so proportioned that the 

9. Voids. cement shall overfill the voids* in the sand by at least five (5) per 



*To determine voids, Ull a vessel xvith sand and let net weight of sand equal B. 
Fill same vessel with water and let net weight of water equal A. 

_ ..Ax 2.6«; — B 

Per cent, voids = r :: x loo 

A X 2.65 

This formula may also be used in determining voids in crushed stone and 
screenings by substituting for 2,65 the specxHc grainty of the stone. 

The following is a more simple method for determining voids in coarse aggregate: 
Fill a vessel with the aggregate and let net weight equal o. Add water slowly until 
tt just appears on the surface and weigh. Let net weight equal A. Fill same vessel 
with water and let net weight equal C. 

A— B 
Per cent, voids •= — ^^ x 100 

Use a vessel of not less than one-half (Vi) cubic foot capacity. The lari^er the 
vessel, the more accurate the result. 
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cent., and the mortar shall overfill the voids in the stone or gravel 
by at least ten (10) per cent. The proportions shall not exceed 
one (i) part of cement to eight (8) parts of the other materials. 

When the voids are not determined, the concrete shall have 
the proportions of one (i) part cement, three (3) parts sand 
or screenings and five (5) parts stone or gravel. A sack of 
cement (94 pounds) shall be considered to have a volume of one 
(i) cubic foot. 

•>. Mixing. (a) Hand Mixing. — I'he sand shall be evenly spread on a 

level water-tight platform, and the cement spread upon the sand. 
After thoroughly mixing, dry, to a uniform color, water shall be 
added in a spray, and the mass turned until homogeneous mortar 
of even consistency is obtained. To this mortar shall be added 
the required amount of stone or gravel previously drenched, and 
the whole shall then be mixed until all the aggregate is thoroughly 
coated with mortar. 

Where unscreened gravel is used, the cement and gravel 
shall be thoroughly mixed, dry, until no streaks of cement are 
visible. Water shall be added with a spray in sufficient quantity 
to render, when thoroughly mixed, a concrete equivalent to that 
specified above. 

Water may be added during the process of mixing, but 
the concrete shall be turned at least once immediately after its 
addition. 

(b) Mechanical Mixing. — Machine mixing will be accept- 
able when a concrete equivalent in quality to that specified above 
is obtained. The mixing of mortar and concrete shall be thorough 
and satisfactory. 

I. R^tenip«>rinr. Retcmpcring will not be permitted. 

LD^po^itinir. The concrete shall be deposited within sixty (60) minutes 

after being mixed, and shall be transferred to the forms in 
water-tight wheelbarrows. The wheelbarrows shall not be filled 
so full as to permit mortar to slop out, and shall not be run 
over the freshly laid concrete. 

The concrete shall be spread evenly and tamped until water 
flushes to the top. 

I. separation Separation of the blocks should be done with a tool not over 

of BlockJ*. ^ 

six (6) inches wide and one-quarter (%) inch thick, and to 
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24. Protection. 



insure complete separation the groove should be cut through 
into the sub-base. Fill the groove with dry sand before the 
top coat is spread, and the top coat should be cut through to 
the sand after floating and troweling and a jointer run in the 
groove; then again draw a trowel through the groove, so as to 
insure a complete separation of the block. 

Workmen shall not be permitted to walk on freshly laid 
concrete, and where sand or dust collects on the base it shall 
be carefully removed before the wearing surface is applied. 



25. Thickness. 



26. Mlzin«. 



27. Depoaltlns. 



28. Marking. 



29. Edges. 



30. Troweling. 

31. Houghening 
Wearing 
Surface. 



32. Color. 



WEARING SURFACE. 

The wearing course shall have a thickness of at least three- 
quarters (%) of an inch. 

The mortar shall be mixed in the same manner as the mortar 
for the base, but the proportion of one (i) cement to two (2) 
of sand or screenings, and it shall be of such consistency as 
will not require tamping, but will be readily floated with a 
straight-edge. 

The mortar shall be spread on the base within thirty (30) 
minutes after mixing, and in no case shall more than fifty (50) 
minutes elapse between the time that the concrete for the base 
is mixed and the time that the wearing course is floated. A 
thin coat of mortar shall be floated on to the base before spread- 
ing the wearing surface. 

After being worked to an approximately true surface, the 
block markings shall be made directly over the joints in the 
base with a tool which shall cut clear through to the base 
and completely separate the wearing courses of adjacent blocks. 

The blocks shall be rounded on all surface edges to a radius 
of not less than one-quarter (%) inch. 

When partially set, the surface shall be troweled smooth. 

On grades exceeding five (5) per cent., the surface shall 
be roughened. This may be done by the use of a grooving 
tool, toothed roller, brush, wooden float or other suitable tool; 
or by working coarse sand or screenings into the surface. 

If color is desired, only mineral colors shall be used, which 
shall be incorporated with the entire wearing surface. 
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L Proportlona. 



I. FInJshlac 



i. ProtecttoA. 



M. Grmdlnr. 



SINGLE COAT WORK. 

Single coat work shall be composed of one part of cement, 
two parts of sand and four parts of gravel or crushed stone, 
and the blocks separated as provided for in the specifications 
for two-coat work. 

The concrete shall be firmly compacted by tamping and 
evenly struck off and smoothed to the top of the mold. Then, 
v^ith a suitably grooved tool the coarser particles of the con- 
crete tamped to the necessary depth so as to finish the same as 
two-coat work. 

PROTECTION AND GRADING. 

When completed, the sidewalk shall be kept moist and pro- 
tected from traffic and the elements for at least three days. The 
forms shall be removed with great care, and upon their removal 
earth shall be banked against the edges of the walk. 

Grading after the walks are ready for use should be on 
the curb side of the sidewalk, one and one-half (ij4) inches 
lower than the sidewalk, and not less than one-quarter (%) 
inch to the foot fall towards the curb or gutter. On the property 
side of the walk the ground should be graded back at least two 
(2) feet and not lower than the walk; this will insure the frost 
throwing the walk alike on both sides. 



la 



REPORT OF THE COMMITTEE ON TESTING CEMENT 

AND CEMENT PRODUCTS. 

By E. S. Larned, Chairtncm, 

No other department of the cement industry has so felt the 
need of standard specifications and uniform instructions as we 
find in the manufacture of cement blocks. 

There is to-day a large and growing demand for this 
material, and its general and almost unlimited use is only 
retarded by lack of confidence on the part of architects, builders 
and resident owners, who see only the wretched results that 
attend the efforts of the misinformed and inexperienced, and 
overlook the splendid possibilities of this form of construction 
in the hands of skilled and experienced operators. 

In considering the requirements that cement blocks should 
meet as a structural material, we must take into account the use 
to which they are to be put. 

We have in brick classification, the terra cotta brick, mud 
brick, and dry -pressed face brick, and the hard burned, medium 
and light common brick, all of which find extensive and legitimate 
use, and yet vary widely in strength, fireproof qualities and 
appearance. 

The granites, limestones, sandstones and marbles are 
generally accepted in first-class construction, and yet differ 
greatly in weather and fire-resisting qualities. 

Lumber, of course, is very combustible, and yet the different 
varieties show marked contrast in strength, durability and fire- 
resisting qualities, and we have to learn of any municipal require- 
ments stipulating the kind of lumber for building construction. 

With these facts in mind, is it not fair to ask that some lati- 
tude be granted in the manufacture and use of cement blocks? 

If an owner in most localities chooses to build the outside 
walls of his factory or residence of light-burned common brick, 
showing an absorption of 30 per cent, water, who is there to say 

(178) 
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"no"? In fact, the average so-called hard-burned brick will 
absorb from 20 to 22 per cent, water and will pass muster under 
most municipal and architects' requirements; yet, our leading 
municipal specifications require that cement blocks shall not 
exceed 15 per cent, absorption, regardless of the use to which 
they are put. 

Cement blocks may properly be used in substitution of other 
materials for: 

1. Foundations. 

2. Exterior and superstructure walls carrying weight. 

3. Curtain walls, exterior and interior. 

4. Fire walls and partitions. 

5. Veneering. 

6. Retaining walls. 

7. Cornice, trim and ornamental work. 

8. Filler blocks for floor slabs. 

9. Chimney flues, etc., etc. 

In this variety of work, it is at once seen that uniform and 
the highest quality is not required. 

Experience in the use of other materials has taught us to 
recognize, practically without repeated or preliminary tests, the 
quality of most materials for which cement blocks are substituted, 
and this fact alone gives them an advants^e over the newer 
material. 

Commercial, local and natural causes are, however, calling 
for the more extensive use of cement blocks; this demand will 
increase as our manufacturers of cement blocks gain experience, 
and by the encouragement and observance of rational building 
requirements. It is of prime importance to every city and town 
in this country, having a building code, that they should recognize 
and include cement blocks as a building material. 

The Committee on Testing Cement and Cement Products 
of the National Association of Cement Users, recommended, 
in its last report, that a Specification Committee be ap- 
pointed by the association, to draw up a standard specification 
and uniform instructions covering the manufacture of cement 
blocks, with the hope that this form, when prepared, might be 
oflFered to all the cities and leading towns in the United States 
for adoption. 
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As a basis upon which to consider the standard specifications 
and uniform instructions, the following suggestions were included 
in part : 

Cement, Only a true high-grade Portland cement, meeting 
the requirements of the standard specifications of the American 
Society for Testing Materials, shall be used in the manufacture 
of cement blocks for building construction. 

Unit of Measurement. The barrel of Portland cement shall 
weigh 380 pounds net, either in barrels or sub-divisions thereof, 
made up of cloth or paper bags, and a cubic foot of cement 
packed as received from the manufacturer shall be called 100 
pounds, or the equivalent of 3.8 cubic feet per barrel. Cement 
shall be gauged or measured either in the original package, as 
received from the manufacturer, or may be weighed and so 
proportioned; but under no circumstances shall it be measured 
loose in bulk, for the reason that when so measured it increases 
in volume from 20 to 33 per cent., resulting in a deficiency of 
cement. 

Proportions. Owing to the different values of natural sand 
or fine crusher screenings for use in mortar mixtures, due not 
only to its mean effective size, but also to its physical charac- 
teristics, it is difficult to do more in a general specification than 
fix the maximum proportions of good sand that may be added 
to cement. 

Sand, or the fine aggregate, shall be suitable siliceous 
material passing the ^-inch mesh sieve, and containing not over 
10 per cent, of clean, unobjectionable material passing No. 100 
sieve. A marked difference will be found in the value of different 
sands for use in cement mortar. This is influenced by the form, 
size and relative roughness of the surface of the sand grains 
and the impurities, if any, contained. 

Only clean, sharp and gritty sand, graduated in size from 
fine to coarse and free from impurities, can be depended upon 
for the best results. Soil, earth, clay and fine "dead" sand are 
injurious to sand, and at times extremely dangerous, particularly 
in dry and semi-wet mortars, and they also materially retard 
the hardening of the cement. An unknown or doubtful sand 
should be carefully tested before use to determine its value as 
a mortar ingredient. Screenings from crushed trap rock, granite. 
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hard limestone and gravel stones are generally better than bank 
sand, river sand or beach sand in Portland cement mortars (but 
not so when used with natural cement, unless the very fine 
material be excluded.) 

So-called clean, but very fine, sand has caused much trouble 
in cement work, and should always be avoided, or if impossible 
to obtain better, the proportion of cement should be increased. 
Stone screenings and sharp, coarse sand may be mixed, with 
good results, and this mixture offers some advantages, particu- 
larly in making sand-cement blocks. 

For foundations or superstructure walls exposed to weather, 
carrying not over 8 tons per square foot, the maximum propor- 
tion shall not exceed four parts sand to one part cement. This 
proportion, however, requires extreme ciire in mixing for 
uniform strength, and will not produce water-tight blocks. We 
recommend, for general work, not over three parts sand, if well 
graded, to one part cement, and the further addition of from 
two to four parts of clean gravel stones passing the ^-inch mesh 
sieve and retained on a j4-inch mesh sieve, or clean, screened, 
broken stone of the same sizes. These proportions, with proper 
materials and due care in making and curing, will produce blocks 
capable of offering a resistance to crushing of from 1,500 to 2,500 
pounds per square inch at twenty-eight days. 

(For the best fire-proof qualities, limestone screenings or 
broken sizes should be excluded, but otherwise are all right for 
use.) 

Where greater strength is desired, particularly at short 
periods, from two to six weeks, we recommend the proportions 
of one part cement, two parts sand, and from one and one-half to 
three parts gravel or broken stone of sizes above given. Blocks 
made of cement, sand and stone are stronger, denser, and 
consequently more waterproof than if made of cement and sand 
only, and are more economical in the quantity of cement used. 

Mixing. The importance of an intimate and thorough mix 
cannot be overestimated. The sand and cement should first be 
perfectly mixed dry and the water added carefully and slowly 
in proper proportions, and thoroughly worked into and through- 
out the resultant mortar; the moistened gravel or broken stone 
may then be added, either by spreading same uniformly over the 
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mortar or spreading the mortar uniformly over the stones, and 
then the whole mass shall be vigorously mixed together until 
the coarse aggregate is thoroughly incorporated with and dis- 
tributed throughout the mortar. 

We recommend mechanical mixing wherever possible, but 
believe in the thorough mixing of cement and sand dry before 
the addition of water; this insures a better distribution of the 
cement throughout the sand, particularly for mortar used in 
machine-made blocks of a semi-wet consistency. For fine 
materials, such as used in cement blocks, it is necessary that the 
mechanical mixer be provided with knives, blades or other 
contrivances to thoroughly break up the mass, vigorously mix 
the same, and prevent balling or caking. 

Curing, This is a most important step in the process of 
manufacture, second only to the proportioning, mixing and 
molding, and if not properly done, will result either in great 
injury to or the complete ruin of the blocks. Blocks shall be kept 
moist by thorough and frequent sprinkling, or other suitable 
methods, under cover, protected from dry heat or wind currents 
for at least seven days. After removal from the curing shed, 
they shall be handled with extreme care, and at intervals of one 
or two days shall be thoroughly wet by hose sprinkling or other 
convenient methods. We recommend curing in an atmosphere 
thoroughly impregnated with steam. This method serves to 
supply needed moisture, prevent evaporation, and in some 
measure accelerates the hardening of the blocks. 

We view with distrust, in the present knowledge of the 
chemistry of cement, any artificial, patented or mysterious 
methods of effecting the quick hardening of cement blocks or 
other cement products. If such method be proposed, it should 
be thoroughly investigated by competent authority before use. 

Time of Curing, This is also most important in its effect 
upon the industry, and is directly and vitally influenced by the 
following conditions : 

1. Quality, quantity and setting properties of the cement 
used. 

2. Quality, size and quantity of the sand or fine aggregates 
used. 

3. Amount and temperature of water used. 
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4. Degree of thoroughness with which the mixture is made. 

5. Method of curing, weather conditions and temperature. 

6. Density of the block as affected by the method and 
thoroughness of tamping or pressure applied. 

Before fixing the minimum permissible time required in 
curing and ageing blocks, it is well to consider the important 
effect of additions of sand upon the tensile strength of cement 
mortar. 

The following tabulation has been interpolated from the 
diagram of cement mortar tests prepared by Mr. W. Purves 
Taylor, of the Philadelphia Municipal Laboratories. 

The results of the neat tests and the i to 3 mortar tests (t. e., 
one part cement to 3 parts crushed quartz by weight) are 
averaged from over 100,000 tests, while the other results are 
based on from 300 to 500 tests. 

Tensile strength in lbs. per sq. in. of Portland Cement. 



Proportions 


7 


28 


2 


3 


4 


6 


12 




dys. 


dys. 


mos. 


mos. 


mos. 


mos. 


mos 


Neat Cement 


710 


768 


760 


740 


732 


758 


768 


I to 1 mortar 


590 


692 


690 


680 


680 


685 


695 


I to 2 mortar 


370 


458 


460 


455 


453 


458 


460 


I to 3 mortar 


208 


300 


310 


310 


310 


310 


308 


I to 4 mortar 


130 


210 


230 


230 


230 


232 


232 


I to 5 mortar 


80 


150 


185 


195 


195 


195 


197 



It must also be kept in mind that these results are obtained 
under practically uniform and theoretically correct conditions, 
in the amount of water used, thoroughness of mixing and 
moulding and storage of samples until tested. 

Comparing the results at twenty-eight days, it is apparent 
that the i to 5 mortar has only 71 per cent, of the strength of 
the I. to 4 mortar, and but 50 per cent, of the strength of a i to 3 
mortar. The i to 4 mortar has but 70 per cent, of the strength 
of a I to 3 mortar and 46 per cent, of the strength of a i to 2 
mortar. 

The ratio of compressive strength to tensile strength is not 
quite constant for all periods of time and for the several mixtures 
above given; but the compressive strength, or resistance to 
crushing per square inch, may be approximately obtained by 
multiplying the tensile strength given in the above table by the 
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constant six (6). (Note : This would increase with the age of the 
mortar, and would be greater for good gravel or stone concrete 
than for the clear mortar of which a given concrete is made.) 

In fixing the minimum time required for curing and ageing 
blocks before use, due regard should be given to the proportions 
used. It is manifestly wrong in principle to require as long a 
period for a i to 2 or a i to 3 block as might seem necessary 
for a I to 4 or a I to 5 block, and it is obviously unsafe to attempt 
to use a block of lean proportions in as short a time as a rich 
mixture would gain the necessary strength. 

This might be supposed to be met by fixing the minimum 
resistance to crushing of blocks (of all compositions), but it 
must be kept in mind that a very small percentage of the blocks 
used are tested, by reason of the expense, inconvenience, or lack 
of facilities. 

The required minimum resistance to crushing of first-class 
blocks used for exterior and bearing walls should not be imposed 
upon blocks for minor and less important uses. 

Marking, All cement blocks should be stamped (in process 
of making), showing name of manufacturer, date (day, month 
and year) made, and composition or proportions used. The 
place of manufacture, methods and materials should also be open 
to inspection by representative of the building department, the 
architect, engineer or individual buyer. 

The Standard Specifications for Hollow Cement Building 
Blocks as adopted appear in the following pages. 



Specification No. 3. 

National Association of Cement Users. 

PHILADELPHIA, PA. 



STANDARD SPECIFICATIONS 

FOR 

CEMENT HOLLOW BUILDING BLOCKS 

Adoptbd January, 1908. 



Cement. 



Sand. 



Stone 



I'nit of 
Measurement. 



Regulations Governing Use and Manufacture. 

Hollow cement blocks made in accordance with the follow- 
ing specifications, and meeting the requirements thereof, may 
be used in building construction, subject to the usual form of 
approval, required of other materials of construction, by the 
bureau of building inspection. 

The cement used in making blocks shall be Portland cement, 
capable of passing the requirements as set forth in the "Standard 
Specifications for Cement," of the American Society for Testing 
Materials, and adopted by this Association (Specification No. i) 
January, 1906. 

The sand used shall be suitable siliceous material, passing 
the one-fourth inch mesh sieve, clean, gritty and free from 
impurities. 

This material shall be clean broken stone, free from dust, 
or clean screened gravel passing the three-quarter (^) inch, 
and refused by the one-quarter (J4) inch mesh sieve. 

The barrel of Portland cement shall weigh 380 pounds net, 
either in barrels or sub-divisions thereof, made up of cloth or 
paper bags, and a cubic foot of cement shall be called not to 
exceed lOO pounds or the equivalent of- 3.8 cubic feet per barrel. 
Cement shall be gauged or measured either in the original pack- 
age as received from the manufacturer, or may be weighed and 

(185) 
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so proportioned ; but under no circumstances shall it be measured 
loose in bulk. 
5. proportiona. For exposcd cxtcrior or bearing walls. 

(a) Hollow cement blocks, machine made, using semi-wet 
concrete or mortar, shall contain one (i) part cement, not to 
exceed three (3) parts sand, and not to exceed four (4) parts 
stone of the character and size before stipulated. When the 
stone shall be omitted the proportions of sand shall not be 
increased, unless it can be demonstrated that the percentage of 
voids and tests of absorption and strength allow in each case 
of greater proportions with equally good results. 

(b) When said blocks are made of slush concrete, in indi- 
vidual molds and allowed to harden undisturbed in same before 
removal, the proportions may be one (i) part cement to not 
exceed three (3) parts sand and five (5) parts stone, but in this 
case also, if the stone be omitted the proportion of sand shall 
not be increased. 

«. Mixinr Thorough and vigorous mixing is of the utmost importance. 

(a) Hand mixing. The cement and sand in correct pro- 
portions shall first be perfectly mixed dry, the water shall then 
be added carefully and slowly in proper proportions and thor- 
oughly worked into and throughout the resultant mortar; the 
moistened gravel or broken stone shall then be added, either by 
spreading the same uniformly over the mortar, or spreading the 
mortar uniformly over the stones, and then the whole mass shall 
be vigorously mixed together until the coarse aggregate is 
thoroughly incorporated with and distributed throughout the 
mortar. 

(b) Machine mixing. Preference shall be given to 
machine mixers of suitable design and adapted to the 
particular work required of them ; the sand and cement, or 
sand and cement and moistened stone shall, however, be first 
thoroughly mixed before the addition of water, and then con- 
tinued until the water is uniformly distributed or incorporated 
with the mortar or concrete ; provided, however, that when mak- 
ing slush or wet concrete (such as will quake or flow) this pro- 
cedure may be varied with the consent of the bureau of building 
inspection, architect or engineer in charge. 
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7. Molding. 



I furlnff. 



Ageing. 



k. Marking. 



L Thlokn^ffs 
of avails. 



Due care shall be used to secure density and uniformity in 
the blocks by tamping or other suitable means of compression. 
Tamped blocks shall not be finished by simply striking off with 
a straight edge, but, after striking off, the top surfaces shall be 
trowelled or otherwise finished to secure density and a sharp 
and true arris. 

Every precaution shall be taken to prevent the drying out 
of the blocks during their initial set and first hardening. A 
sufficiency of water shall first be used in the mixing to perfect 
the crystallization of the cement, and, after molding, the blocks 
shall be carefully protected from wind-currents, sunlight, dry 
heat or freezing for at least five (5) days, during which time 
additional moisture shall be supplied by approved methods, and 
occasionally thereafter until ready for use. 

Hollow cement blocks in which the ratio of cement to 
sand be one-third (J^) (one part cement to three parts sand) 
shall not be used in the construction of any building until they 
have attained the age of not less than three (3) weeks. 

Hollow cement blocks in which the ratio of cement to sand 
be one-half (yi) (one part cement to two parts sand) may be 
used in construction at the age of two (2) weeks, with the 
special consent of the bureau of building inspection and the 
architect or engineer in charge. 

Special blocks of rich composition, required for closures, 
may be used at the age of seven (7) days with the special consent 
of the same authorities. 

The time herein named is conditional, however, upon main- 
taining proper conditions of exposure during the curing period. 

All cement blocks shall be marked, for purposes of identifi- 
cation, showing name of manufacturer or brand, date (day, 
month and year) made, and composition or proportions used, 
as, for example, 1-3-5, meaning one cement, three sand and five 
stone. 

The thickness of bearing walls for any building where 
hollow cement blocks are used may be ten (10) per cent, less 
than is required by law for brick walls. For curtain walls or 
partition walls, the requirements shall be the rame as in the use 
of hollow tile, terra cotta or plaster blocks. 
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2. Party 
Walls. 



I. Walla — 
Laying of. 



Girders 

or 
Joiata. 



». Limit of 
Loading. 



I. Sills and 
Lintels. 



r. Hollow 
Space. 



Hollow cement blocks shall not be permitted in the con- 
struction of party walls, except when filled solid. 

Where the face only is of hollow cement block, and the 
backing is of brick, the facing of hollow block must be strongly 
bonded to the brick, either with headers projecting four (4) 
inches into the brick work, every fourth course being a header 
course, or with approved ties, no brick backing to be less than 
eight (8) inches. Where the walls are made entirely of concrete 
blocks, but where said blocks have not the same width as the 
wall, every fifth course shall extend through the wall, forming 
a secure bond, when not otherwise sufficiently bonded. All walls, 
where blocks are used, shall be laid up with Portland cement 
mortar. 

Wherever girders or joists rest upon walls so that there is 
a concentrated load on the block of over two (2) tons, the blocks 
supporting the girder or joists must be made solid for at least 
eight (8) inches from the inside face. Where such concentrated 
load shall exceed five (5) tons, the blocks for at least three 
courses below, and for a distance extending at least eighteen 
(18) inches each side of said girder, shall be made soHd for at 
least eight (8) inches from the inside face. Wherever walls 
are decreased in thickness, the top course of the thicker wall 
shall afford a full solid bearing for the webs or walls of the 
course of blocks above. 

No wall, nor any part thereof, composed of hollow cement 
blocks, shall be loaded to an excess of eight (8) tons per super- 
ficial foot of the area of such blocks, including the weight of 
the wall, and no blocks shall be used in bearing walls that have 
an average crushing at less than 1,000 pounds per square inch 
of area at the age of twenty-eight (28) days; no deduction to 
be made in figuring the area for the hollow spaces. 

Concrete sills and lintels shall be reinforced bv iron or steel 
rods in a manner satisfactory to the bureau of building inspec- 
tion and the architect or engineer in charge, and any lintels 
spanning over 4 feet 6 inches shall rest on block solid for at least 
8 inches from the face next the opening and for at least three 
courses below the bottom of the lintel. 

The hollow space in building blocks used in bearing walU 
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shall not exceed the percentage given in the following table for 
different height walls, and in no case shall the walls or webs of 
the block be less in thickness than one-fourth their height. The 
figures given in the table represent the percentage of such hollow 
space for different height walls: 

Stories ist 2d 3d 4th sth 6th 

I and 2 33 33 

3 and 4 25 33 33 33 

5 and 6 20 25 25 33 33 33 

*' ^fSr^Si^** Before any such material be used in buildings, an application 
for its use and for a test of the same must be filed with the 
bureau of building inspection. In the absence of such a bureau, 
the application shall be filed with the chief of any department 
having such matters in charge. A description of the material 
and a brief outline of its manufacture and proportions used must 
be embodied in the application. The name of the firm or corpora- 
tion, and the responsible officers thereof, shall also be given, and 
changes in same thereafter promptly reported. 

II. Preumtaary ]^q hollow ccment blocks shall be used in the construction 
of any building unless the maker of said blocks has submitted 
his product to the full tests required herein, and placed on file 
with the bureau of building inspection, or other duly authorized 
official, a certificate, from a reliable testing laboratory, showing 
that representative samples have been tested and successfully 
passed all the requirements hereof, and giving in detail the 
results of the tests made. 

No cement blocks shall be used in the construction of anv 
building until they have been inspected and approved, or, if 
required, until representative samples be tested and found 
satisfactory. The results of all tests made, whether satisfactory 
or not, shall be placed on file in the bureau of building inspection. 
These records shall be open to inspection upon application, but 
need not necessarily be published. 

* ^^Tiatfc** ^^^ manufacturer and user of such hollow cement blocks, 

or either of them, shall, at any and all times, have made such 
tests of the cements used in making such blocks, or such further 
tests of the completed blocks, or of each of these, at their own 
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expense and under the supervision of the bureau of building 
inspection, as the chief of said bureau shall require. 

In case the result of tests made under this condition should 
show that the standard of these regulations is not maintained, 
the certificate of approval issued to the manufacturer of said 
blocks will at once be suspended or revoked. 

lif ^A^^^vo^li Following the application called for in clause No. i8 and 

upon the satisfactory conclusion of the tests called for, a certifi- 
cate of approval shall be issued to the maker of the blocks by 
the bureau of building inspection. This certificate of approval 
will not remain in force for more than four months, unless there 
be filed with the bureau of building inspection, at least once 
every four months following, a certificate from some reliable 
physical testing laboratory showing that the average of at least 
three (3) specimens tested for compression and at least three 
(3) specimens tested for transverse strength comply with the 
requirements herein set forth, the said samples to be selected 
by a building inspector or by the laboratory from blocks actually 
going into construction work. 

' Rruirements. Hollow cemcnt blocks must be subjected to the following 
tests: Transverse, compression and absorption, and may be 
subjected to the freezing and fire tests, but the expense of con- 
ducting the freezing and fire tests will not be imposed upon the 
manufacturer of said blocks. 

The test samples must represent the ordinary commercial 
product, of the regular size and shape used in construction. 
The samples may be tested as soon as desired by the applicant, 
but in no case later than sixty days after manufacture. 

Transverse Test, The modulus of rupture for concrete 
blocks at twenty -eight days must average 150, and must not fall 
below 100 in any case. 

Compression Test. The ultimate compressive strength at 
twenty-eight days must average one thousand (1,000) pounds 
per square inch, and must not fall below 700 in any case. •" 

Absorption Test. The percentage of absorption (being the 
weight of water absorbed divided by the weight of the dry 
sample) must not average higher than 15 per cent., and must 
not exceed 22 per cent, in any case. 



Standard Specifications for Cement Blocks. 191 

rondemiif'd j^j^y ^^^^ ^ll blocks, saiTiplcs of which, on being tested under 
the direction of the bureau of building inspection, fail to stand 
at twenty-eight (28) days the tests required by this regulation, 
shall be marked "condemned" by the manufacturer or user and 
shall be destroyed. 

HiTk^ Cement brick may be used as a substitute for clay brick. 

They shall be made of one part cement to not exceeding four 
parts clean sharp sand, or one part cement to not exceeding three 
parts clean sharp sand and three parts broken stone or gravel 
passing the ^-inch and refused by the J^-^nch mesh sieve. In 
all other respects, cement brick must conform to the requirements 
of the foregoing specifications. 

Standard Method of Testing. 



Method 

of 



1. All tests required for approval shall be made in some 
Tenioff. laboratory of recognized standing, under the supervision of the 

engineer of the bureau of building inspection or the architect 
or engineer in charge, or all of these. The manufacturer may 
be present or represented during said tests, if he so desires. 
Approval tests are made at the expense of the applicant. 

2. For the purposes of the tests, at least twelve (12) samples 
or test pieces must be provided. Such samples must represent 
the ordinary commercial product and may be selected ftom stock 
by the bureau of building inspection, or in the absence of such 
a bureau, by the architect or engineer in charge. 

In cases where the material is made and used in special 
shapes or forms, too large for testing in the ordinary machines, 
smaller sized specimens shall be used as may be directed. 

3. In addition to the tests required for approval, the weight 
per cubic foot of the material must also be obtained and recorded, 

4. Tests shall be made in series of at least three (3), except 
that in the fire tests a series of two (four samples) are sufficient. 

Transverse tests shall be made on full-sized samples. Half 
samples may be used for the crushing, freezing and fire tests. 
The remaining samples are kept in reserve, in case duplicate or 
confirmatory tests be required. All samples must be marked 
for identification and comparison. 

5. The transverse test shall be made as follows : The samples 
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shall be placed flatwise on two rounded knife edge bearings set 
parallel 7 inches apart. A load is then applied on top, midway 
between the supports, and transmitted through a similar rounded 
knife edge, until the sample is ruptured. The modulus of 
rupture shall then be determined by multiplying the total 
breaking load in pounds by 21 (three times the distance between 
supports in inches) and then dividing the result thus obtained 
by twice the product of the width in inches by the square of 

the depth in inches. R = ~, , ~, No allowance should be 

made in figuring the modulus of rupture for the hollow spaces. 

6. The compression test shall be made as follows : Samples 
must be cut from blocks, so as to contain a full web section. The 
sample must be carefully measured, then bedded flatwise in 
plaster of paris, to secure a uniform bearing in the testing 
machine, and crushed. The total breaking load is then divided 
by the area in compression in square inches, no deduction to be 
made for hollow spaces; the area will be considered as the 
product of the width by the length. 

7. The absorption test shall be made as follows: The 
sample is first thoroughly dried to a constant weight, at not to 
exceed 212° F. The weight must be carefully recorded. It is then 
placed in a pan or tray of water, face downward, immersing it 
to a depth of not less than 2 inches. It is again carefully 
weighed at the following periods: Thirty minutes, four hours, 
and forty-eight hours, respectively, from the time of immersion, 
being replaced in the water in each case as soon as the weight 
is taken. Its compressive strength, while still wet, is then 
determined at the end of the forty-eight hours period, in the 
manner specified in Section 6. 

8. The freezing test shall be made as follows : The sample 
is immersed, as described in Section 7, for at least four hours, 
and then weighed. It is then placed in a freezing mixture or a 
refrigerator, or otherwise subjected to a temperature of less 
than 15** F. for at least twelve hours. It is then removed and 
placed in water, where it must remain for at least one hour, the 
temperature of which is at least 150° F. This operation is 
repeated ten (10) times, after which the sample is again weighed 
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while still wet from the last thawing. Its crushing strength 
should then be determined, as called for in Section 6. 

9. The fire test is made as follows : Two samples are placed 
in a cold furnace in which the temperature is gradually raised 
to 1700® F. The test piece must be subjected to this tempera- 
ture for at least thirty minutes. One of the samples is then 
plunged in cold water (about 50** to 60** F.) and the results 
noted. The second sample is permitted to cool gradually in air, 
and the results noted. 

10. The following requirements must be met to secure an 
acceptance of the materials: The modulus of rupture for 
concrete blocks at twenty-eight days must average 150, and 
must not fall below 100 in any case. The ultimate compressive 
strength at twenty-eight days must average 1,000 pounds per 
square inch, and must not fall below 700 in any case. The 
percentage of absorption (being the weight of water absorbed 
divided by the weight of the dry sample) must not average 
higher than 15 per cent., and must not exceed 22 per cent, in 
any case. The reduction of compressive strength must not be 
more than 33^^ P^r cent., except that when the lower figure is 
still above 1,000 pounds per square inch, the loss in strength 
may be neglected. The freezing and thawing process must not 
cause a loss in weight greater than 10 per cent., nor a loss in 
strength of more than 33^/^ per cent., except that when the lower 
figure is still above 1,000 pounds per square inch, the loss in 
strength may be neglected. The fire test must not cause the 
material to disintegrate. 
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PROGRESS IN MANUFACTURE AND USE OF CEMENT 

BUILDING BLOCKS. 

By J. W. PiERSON. 

Much has been written on the manufacture of cement 
building-block, but I cannot recall ever having seen an article 
which would assist one in making a financial success of their 
plant beyond giving assistance in the technical constniction of 
the block, and as I take it that you are not conducting your block 
business as a pastime, perhaps just enough suggestions to provoke 
a general discussion might not be out of place. 

To begin with, systematize your business; see to it that 
every man has definite work to do, and is held accountable for 
the way in which that work is done. Eliminate the "everybody's 
business, nobody's business" idea. Require your superintendent 
to make daily reports to you of the amount of material used, 
wages paid, and blocks made, which data, together with your 
general expense and depreciation items, will give you the basis 
for an accurate cost record, without which you cannot intelli- 
gently conduct business. My experience has taught me that the 
proper depreciation to charge off is about lo per cent, for 
buildings, 30 per cent, for block machines, 20 per cent, for 
machinery, and 15 per cent, for block cars. 

After systematizing your business, do not forget that a good 
ship does not necessarily guarantee a safe port, nor does a good 
system alone insure a successful business. A water-logged scow 
in the hands of a master pilot may fare better in the storm than 
a twin-screw ocean liner manned by incompetents. You can't 
set the helm of your business barge in one fixed direction and 
expect it to guide you into the harbor of success. The shoals 
and rocks of unexpected conditions rise up in every mile of the 
sea. Only the skillful piloting that meets each danger as it 
arises can steer you safely through. 

It's the man behind the wheel that brings the ship into the 
haven of profit. It's not the system alone, but intelligent direction 
of it, that produces results. 

Systematize your aims and plans, but plan and aim your 
system. 

194) 
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It is a most regrettable fact that the history of the manufac- 
ture of cement building blocks has resulted in a financial loss 
to at least 75 per cent, of those who have engaged in it, and I 
am confident that this is not due to a lack of the quality of 
product, but to either an ignorance of or indifference to good 
business methods. 

When you place a superintendent in charge of your plant, 
don't butt in and run it yourself, thereby depriving him of all 
initiative, but leave him alone and give him a chance to make 
good. If he doesn't, get a new superintendent. 

Systematizing a manufacturing business reveals the necessity 
of creating two distinct departments, no matter how small or 
how large the plant may be — ^the department for the production 
of block, and the department for creating a demand for these 
blocks, or, in other words, production and sale. Put your 
superintendent in charge of the first, and you assume management 
of the second. Material for making factory superintendents is 
both cheap and plentiful, but the man who gets the orders is 
the fellow who really keeps the smoke coming out of the factory 
chimney. He is the engine that pulls the whole train. This 
work calls for concentrated energy, and it is just to this point 
where most of the failures may be traced. Instead of directing 
all our energies to the creation of business, we attempt to be 
superintendent in the morning and salesman in the afternoon, 
or half and half all the time. It cannot be done. If this condi- 
tion exists in your business, pick out a superintendent as soon 
as you get home, and leave the routine work to him, for your 
place is on the bridge, and not down in the engine room — in the 
office, and not in the factory. 

Someone has truly said that while opportunity knocks at 
least once at every man's door, the party inside has no right to 
expect the panels to be kicked in. And it may be added that 
if the expectant party is a block maker, he had best not wait 
inside at all. The only way in which we can ever hope to catch 
a glimpse of opportunity is to get outside the door and do a lot 
of active searching for her up and down the street. 

I wish to disclaim any intention of posing as a business 
doctor, but these are some points which I have learned by 
experience. 



TOPICAL DISCUSSION ON THE MANUFACTURE OF 
HOLLOW CEMENT BLOCKS. 

Mr. E. p. Goodrich. — I have had considerable trouble 
lately trying to explain the crazing or fine cracking which has 
taken place on a good many blocks which I have been called 
upon to inspect, and would like to hear if any one has had experi- 
ence in preventing this cracking by special treatment or curing 
of the blocks. The mixture used, consisting of cement and 
sand, occasionally some gravel, was in some cases rich and in 
others poor. 

President Humphrey. — Did it seem to make any diflfer- 
ence whether the mixture was a wet or a dry one? 

Mr. Goodrich. — Apparently, a wet mixture did not produce 
the effect as much as a dry mixture, although even in a wet 
mixture, rapidly dried out, this effect will take place just the 
same. 

Mr. Benjamin Cochran. — We had some experience in 
making a sill — trying to make it with a facing of a 1:2 mix 
and a backing of 1:5. These sills were of a comparatively dry 
mixture, the same as used in making blocks. We found that 
the rich mixture would crack, and attributed it to the fact that 
the back^ or i : 5 mixture, was not tamped hard enough into the 
face of 1 : 2 mixture, which was due to the fact that the facing 
was put into the side of the mold, and the workmen could not 
get at it to tamp it. 

This was a steel mold made in the shop, and the i : 2 
mixture (cement and marble dust) and the i : 5 mixture (cement 
and bank sand) would not adhere. Dressed, it was about a 
quarter of an inch thick and the cracks appeared just on the 
face. 

President Humphrey. — Was the face relatively more dry 
than the back? 

Mr. Cochran. — I think it was, as it is better to make 
the facing dryer than the back mixture, and where we had 
tamped the back mixture into the face of the mold, a 1:5 

(196) 
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mixture into a i : 2 mixture, it did not crack. It was only 
on the side of the mold where we could not get at it very 
well to tamp the two mixtures together. The sill . mold 
is very narrow and there was not room enough to tamp 
the mixture sideways. Where we could tamp against the 
face it would adhere all right, but on the sides we would 
have to bank the facing with our hands, which of course did not 
give the same result as tamping with an iron. It was along the 
sides that these hair cracks showed, although they in no way 
damaged the strength of the block or sill. 

Mr. Goodrich. — How soon did the hair cracks appear? 

Mr. Cochran. — ^The cracks appeared as soon as the sill 
was dried. We have been working in a shop all winter and 
keeping the blocks thoroughly wet for ten days, in order to 
thoroughly cure them, and then they were placed outside in the 
yard. It was not severe weather, hardly freezing weather, and 
they soon dried out. It did not occur to all of them, but perhaps 
half a dozen out of a hundred. A fire was kept in the shop and 
the blocks sprinkled four or five times a day. 

Mr. Carl A. Haswin. — I have had some experience in the 
manufacture of sills and lintels, having made several thousand 
linear feet, but my experience has been that in taking proper care 
in tamping the sides and the bottom well, we have had no trouble 
whatever. As to curing and sprinkling, we have sprinkled 
thoroughly twice a day, and as far as my experience goes, 1 
don't know of any fine cracks in the surface of the lintels. 
They were made of a dry mixture of one to two, for the face, 
and the ordinary concrete mixture as back. The only trouble 
we have had was that some would break on account of their 
weight, not being strongly enough reinforced. I believe, as 
was stated before, if the mixture is well tamped, that there wil! 
be little or no trouble. At least that has been my experience. 

Mr. Gill. — I would like to ask if there is anything inher- 
ently defective in the concrete block as a fire resisting material, 
due to its shape. I have been told the Government experiments 
along that line have indicated that the shape of the concrete 
block was against it as a fire resisting building material. 

President Humphrey. — ^The expansion of the concrete 
block, while not as important perhaps as in the case of the burned 
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clays, IS an item. The heat absorption power of concrete, when 
heated, reduces the expansion; in blocks where the web 
is quite thin, the expansion is sufficient to produce a crack- 
ing in the webs under actual heat. In the tests made the 
blocks received a temperature of 1,700 degrees for a period 
of two hours, and were quenched with water. This is a 
severe test, because, in general, cement blocks are used in 
buildings of but two or three stories, and probably would not be 
called on, in the ordinary course of a fire, to withstand anything 
like that temperature, but nevertheless, we must have a stand- 
ard by which to determine the relative fire resistive qualities of 
the material. In the above tests some blocks passed through 
without any damage to the web, while in others they cracked, 
apparently by reason of their thickness. If the concrete block 
tested is very strong, a much thinner web can be used v/ithout 
danger of cracking. 

Mr. Gill. — ^This matter should be determined so that blocks 
will not be excluded from large buildings. My idea is that if 
we make good concrete, the objection to the block is overcome. 
Take the case of protected steel or iron columns in a building. 
I understand common practice is to use four inches of concrete 
to insure reasonable fire protection. Why is it then that a four- 
inch shell of good concrete should not serve in the same way 
as a protection to the web of the block, or in fact as a good 
protection for the integrity of the entire wall when subjected to 
fire. 

President Humphrey. — In the case of a steel column, slabs 
oT concrete and mortar four inches thick would be successful in 
the resistance to fire. In the case of the block it is the expansion 
of the mass of that block which will cause a cracking of the 
thin web. Those who make blocks know the problem that con- 
fronts them is to get a strong block, and I think the tendency 
is towards as wet a mixture as can be handled, because it is 
known you then get greater density. The question of density 
is the bringing of the particles into close relationship, and so 
crowd out the air; the object in thoroughly mixing the mortar 
and concrete is to work out the air. It is easier to accomplish 
this with a wet than a dry mixture. A mixture which is dry 
will contain twic.e as much air space. The strength of concrete is 



Topical Discussion on Hollow Cement Blocks. 199 

proportional to its density, and the more air you have in the 
mass of material, the less dense it is, and therefore the less 
strength you are going to have. The reason why thin blocks do 
not have the same fire resistive qualities as the ordinary concrete, 
is the lack of density of the mass. The manufacturers of 
blocks realize that by getting the mass of the blocks more and more 
dense the result will be a stronger block. In the Government tests 
the first blocks gave very poor results. A study of the matter 
showed that a block could be made with high fire resistance. 
In fact, some blocks passed through high temperatures in prac- 
tically as satisfactory a manner as the wet pressed concrete and 
kiln burned mortars of the building materials, with the exception 
perhaps of dressed or pressed hard burned brick. 

Mr. Gill. — Then you make the statement that provided the 
concrete in the block is good, the shape of the block does not 
affect its fire resisting properties. 

President Humphrey. — What I mean to say is that, pro- 
vided the design of the block is such as to cause no serious 
stress in the web when the exterior mass expands due to the heat, 
the shape of the block does not affect its fire resistive qualities, 
assuming well compacted concrete. 

Mr. W. H. Dunn. — Have any tests been made as to heat 
resisting qualities and the fracture of webs of blocks manufac- 
tured by the wet process? I mean blocks made of concrete con- 
sisting of crushed gravel, graded from three-quarters of an inch, 
to sand, with a proper proportion of Portland cement and hydrate 
of lime, poured into pressed steel moulds and allowed to remain 
until the cement sets. I would like to know if this extreme test 
has ever been made on any blocks other than those made by the 
usual semi-dry process. 

President Humphrey. — In the tests at St. Louis, which 
were by no means complete, we did test poured blocks as well 
as others, and while it is not fair to make a statement now, 
it does seem that the wetter block is the more satisfactory. We 
have tested at St. Louis something like fourteen hundred blocks, 
representing different types and different consistencies. In the 
fire tests at Chicago, some thirty panels were tested, containing, 
however, no poured blocks. 

Mr. Gill. — Is there any valid objection to the use of con- 
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Crete block as a shell for reinforced concrete; in other words, 
building a shell of blocks around the reinforcement and pouring 
in the concrete? I have heard this objected to on the ground 
that in hardening, the poured concrete would, due to contraction, 
pull away from the blocks. It occurs to me that this combina- 
tion offers one of the largest fields in the block industry, because 
it saves expense of forms and enables more rapid work than with 
the common reinforced construction by reason of the rigid sup- 
port furnished columns and girders by the blocks. 

Mr. Goodrich. — About three years ago I put up several 
buildings in which the columns were made with a cinder shell 
into which the concrete was poured. We examined them very 
carefully at first, to see if there was any separation between the 
shell and the case. Later we tore down one or two columns 
to see what the effect really was. We sent some specimens to 
different laboratories for test, and could find absolutely no 
indication of separation between the moist concrete and the 
cinder concrete shell. In the columns demolished for examination, 
it was impossible to find any point where the two parts were 
separated. I have also experimented on a similar method with 
blocks alone, in which the reinforcement is placed in the openings, 
and a very wet mixture employed. It seems necessary to make 
the mixture particularly wet, since the blocks absorb water very 
readily. 

In the above building small building brick were also used. 
I assume you are acquainted with the Kahn system, in which 
terra cotta blocks are used. There is at the present time a 
system on the market in which concrete blocks replace the terra 
cotta blocks. 

Mr. Robert W. Lesley. — In Germany and in several of the 
European countries there has been introduced what is called the 
Siegwart system, which is identical to our system of separately 
molded members. A large slab, probably twenty, thirty or fifty 
feet square, is made up with the re-inforcement properly placed, 
then a large machine comes along and cuts this mass up into vari- 
ous slices. These slices are commercial beams, and commercial 
girders. The material has the lightness of the hollow tile con- 
struction and the solidity of the concrete construction. This 
process is very successful in Europe, and there are yards estab- 
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lished in a number of places, where it is possible to buy concrete 
lumber precisely as in this country to-day a man can buy timber. 

Mr. Goodrich. — A company in New York is supplying 
them at the present time. 

Mr. Cochran. — I have made several experiments on water- 
proofing blocks, but have not found anything that I considered 
successful. 

My experience in using powder waterproofing is that after 
the block is made and cured and set out in the yard for perhaps 
a month, the salts come out on the block. I could not find out 
what caused this. I first tried a i : 2 mixture, then a i : 3 mixture 
and 1 : 5, with the waterproofing in it. They all showed effer- 
vesence or salts on different days, coming out on the face of the 
block, it seemed a thirty-second of an inch, so thick in fact that 
I could brush or wash it off. I also tried a weak solution of 
oxalic acid, but the effervescence was still there, especially in 
blocks in which there was any mineral coloring. 

We have been working by the book rules set down by the 
people who sell this waterproofing. I am very anxious to make 
a waterproof block, and that is the reason I am asking for infor- 
mation and telling the experience I have had with them, and 
would like to hear if any one else has any similar experience 
with effervescence. 

Mr. Haswin. — ^We have been manufacturing ordinary 
concrete and faced blocks. Our blocks have been solid, 
twenty-four inches long, six, eight or nine inches high, and 
four inches thick. We formerly made regular face blocks without 
waterproofing, but we found that they absorbed moisture very 
readily. We afterwards used, for facing only, a waterproofing, 
and we noticed a very great difference. For instance, we put 
an ordinary and a waterproofed block side by side in a wall. 
After a rain, in a very short time, the block that was water- 
proofed appeared dry, and the one that was not waterproofed 
showed water or indications of water or moisture for several 
days after. 

Mr. Dunn. — In our blocks we use about twenty per cent, 
in bulk of hydrate of lime with the Portland cement, and as 
stated before, a very wet mixture. We have never had any 
difficulty in dampness going through the block, although the 
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blocks, when perfectly dry and immersed in water for twenty- 
four hours, have taken up from five to seven per cent, of water. 
This is a very severe test, and it occurs to me that using a 
waterproofing compound on the face only would not prevent 
moisture from going through the wall, because water might 
find its way into crevices or cracks between the blocks, and 
then to the back of the face and so get through the block. The 
waterproofing compound must be used throughout the mass, 
unless the joints are absolutely waterproof. I have used Medusa 
waterproof compound, but only for tank purposes, and have 
found it entirely satisfactory. I have a tank at the present time 
in which I used both hydrate of lime and similar proportions 
of the Medusa compound, and the tank holds twenty-five thou- 
sand gallons of water. We have no leakage; the walls are six 
inches thick. 

Mr. F. J. Phelan. — In reference to the effervescence men- 
tioned, what kind of sand was used? Is it possible that it had 
been in contact with salt water or not? 

Mr. Cochran. — I used bank sand from the bluffs of 
the Charles River, situated perhaps a quarter of a mile 
from the river bank, and as the Charles River is tide- 
water, it may be possible that there is salt in this sand, 
although I hardly think it possible, as the bluff is so much 
higher than the river bed. I asked the waterproofing people 
what in their opinion caused the effervescence or salts, and they 
told me that there was lime in the water. We pride ourselves 
in Boston on the purity of our water, and I am informed there 
is absolutely no lime in the water, that is, no amount of lime 
that it could be called lime water or hard water, nothing like 
the hard water in Kentucky, for instance, or out West on the plains, 
and I hardly think that the water had anything to do with It. 
Although the deposit of sand might have been put there by the 
action of salt water, and probably was, but the seepage of sur- 
face water for years and years would naturally have by this 
time washed off all the salt. It is a very clean sand, absolutely 
no loam or clay in it, in, fact, the cleanest sand I have ever seer. 
I have tried my best to find what brings out the effervescence, 
because it occurs in ail blocks in which I use the powder water- 
proofing. I firmly believe it comes from the waterproofing, as 
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the same block showing the effervescence on the face which 
was waterproofed did not show on the back of the block in which 
there was no waterproofing. Understand I thoroughly believe 
that these compounds have a great deal of merit to them so far 
as waterproofing is concerned, but I want to prevent discolor- 
ation of the blocks. While we, of course, all know it does not 
in any manner injure the block, it takes a lot of explanation to 
those who buy them, and a customer coming into the yard and 
seeing these blocks piled up, looking as though they had been 
whitewashed, does not want to put these blocks in his house, and 
for this reason we have discontinued using this waterproofing. 

Mr. W. H. Stockton. — We use a waterproofing compound 
to prevent effervescence. We use a lake sand, and using that 
sand without the compound, it shows effervescence, and with 
the waterproofing compound, after a heavy storm, or wet sticky 
weather, it does not show effervescence at all. That is one of 
the reasons we use the compound, i. e., to prevent the effer- 
vescence. 

Mr. F. E. Wyatt. — In regard to using waterproofing com- 
pounds: I have a sand in which there is not a particle of salt. 
It comes from near the freshwater lakes, probably four or 
five hundred miles from any salt water, and is one of the finest 
sands for making concrete in the country, if it is not used with 
a waterproofing compound. I find that every time I use a 
waterproofing compound it will effervesce on the face, and it 
really spoils the color of the stone. Stones made with a mixture 
of waterproofing compound, after they have been piled up in 
the yard a short time, look as if whitewashed — ^white and streaked ; 
and while they are waterproof, their appearance was very much 
against them, and affected their market value. I discontinued 
using such compounds* for that reason. I had a hard time getting 
my men to follow the instructions that this waterproofing must 
be mixed with the cement, dry. I tried making a i : 2 mixture, 
and mixing the waterproofing compound with that, but finally 
discontinued using it altogether, because I found my blocks were 
practically almost waterproof without it, and a great deal better 
looking. 

Mr. Haswin. — In the first walls we put up — nine inches 
thick — with an air space of one inch, built of solid blocks four 
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inches thick, we used face blocks without waterproofing. Now 
these showed discoloration very freely, so much so that the blocks 
looked as though they had been whitewashed or frosted. Cement 
mortar, the larger part of it being lime, was used. The dis- 
coloration from this mortar was very bad. Afterwards we used 
waterproofing in our face blocks and laid them in cement mortar, 
containing but a small proportion of lime, and mixed with tlic 
mortar a certain quantity of lamp black that produced a dark 
blue color, at the same time making it apparently waterproof. 
No discoloration, to amount to anything, was apparent from the 
mortar after a year of exposure to all kinds of weather. 



THE VALUE OF SAND IN CONCRETE CONSTRUCTION. 

By E. S. Larned,* C. E. 

The past year has been a most eventftil one in the annals of 
the cement industry; in the progress of industrial evolution 
we find concrete occupying a stronger and more prominent posi- 
tion and gaining rapidly in the public favor for structural and 
economic reasons. When we realize that this has come about 
in spite of the inertia of the building interests, long schooled in 
the use, and prejudiced in favor of, the older and better known 
materials of construction, and in spite of the intelligent, tireless 
and liberal opposition of rival material interests, we can begin 
to form some idea of the still more important part Portland 
cement is destined to play in the future development of this 
great country. 

Problems arising from the waste of money in perishable 
construction, together with the growing scarcity and consequent 
increase in the price of lumber, all point to the more extensive 
use of cement. 

As the result of experience, research and experimental work, 
the principles of concrete construction are more firmly established 
and better known, in consequence of which our engineers and 
architects are using it with more confidence and freedom and 
constantly broadening application, which nothing can check 
excepting ignorance and avarice on the part of the men who 
assume a part in this great work without warrant, or attach 
themselves to every growing industry with only evil intent, 
stealing the capital of honest and progressive men. 

With proper materials, intelligently used, there is but one 
element to be added to concrete to enable it to endure the test 
of time, and that is honesty; the contractor who leaves this out 
will, sooner or later, but none the less surely, be condemned, 
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and happily the test of this has been accelerated through the 
medium of competent inspection, supplemented in a most able 
manner by our laboratories of final reference. 

The splendid work of our engineering societies, of the Amer- 
ican Society for Testing Materials, the U. S. Geological Survey 
Experimental Station, our universities and technical schools and 
our public and private laboratories, has been and will continue 
prolific in results, and we may look forward with clearer vision 
and meet the problems that confront us with more confidence 
than ever before. 

Doubtful results, perplexing problems, all call for investi- 
gation, research and tests, obligations in which we all share; 
let us, therefore, show our interest in the good work by asso- 
ciation, personal effort and substantial support. 

In connection with general concrete work, reinforced con- 
crete in particular, your attention is especially called to the 
importance and necessity of investigating and testing the sand 
proposed for use to determine its value and suitability. 

The important part sand plays in concrete work is not 
generally recognized, and even among contractors and engineers 
who have at some time experienced trouble directly traceable 
to the sand used, we find a tendency to depend too much at 
times upon superficial examination. 

One has only to see concrete, of proper proportions and 
good materials, such as i cement to 3 sand and 5 or 6 stone, 
mixed, to marvel at the wonderful binding qualities of the 
cement when he observes this mixture at the end of a few 
days; he will note, however, that the cement must be spread 
out pretty thin to fill the interstices of the sand and coat the 
surfaces of the individual grains three times in volume the amotmt 
of cement used. If the sand, however, be poor by reason of its 
geologic origin, mineral composition or decomposition, or because 
of excessive fineness, or its content of fine material of a non-sil- 
iceous nature, then it is useless to expect good results of such pro- 
portions as 3 of sand to i of cement, and only careful analysis 
and test of the sand will enable us to judge as to whether it 
should be used at all, and, if so, in what proportions to attain the 
desired results within the required working limits of seven or 
twenty-eight days. 
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It may be, and some cases could be cited, that some poor 
sands would, in time, produce a sufficiently strong mortar if 
properly mixed with the cement; but do you know this of the 
sand in question ? Can you afford to wait for the necessary results ? 
Will your structure in the meanwhile be stressed beyond its 
acquired strength with the probability of injury, serious loss 
or complete failure? 

In making comparisons between tests of natural sand and 
the laboratory sand (crushed quartz or the present standard 
Ottawa sand) it must be kept in mind that a clean, sound 
and well graded natural sand will give higher tensile results 
than the laboratory sands, and of the latter th^ Ottawa sand 
is superior to the crushed quartz ; due allowance must, therefore, 
be made for the above facts in the tabulations following. The 
high value of crushed stone dust as a mortar ingredient will 
be particularly noted. 

Table No. i. 





Sieve Test-residue. Per cent. 


Comparative Tensile Test Port- 
land Cement Mortar. 


Character of Sand. 


No. 8. 


No. 30. 


No. 
100. 


Pass- 
ing No. 
100. 


a to X. 

7 days. 

Sand. 


9 to K. 

7 days. 
Crushed 
QvMrtz, 


Crushed Quartz 

Selected Natural .... 

Granite Dust 

Bank Sand 


0.0 

14.3 
22.6 

22.0 

7-5 
27.2 

17-5 
17.6 

24.7 

15-6 
8.8 


40.0 

57.1 
32.1 

43-4 
48.6 

42.8 

38.8 

34.0 

35.0 
48.8 

33-7 


60.0 
26.4 

251 
25.8 

36.1 
22.6 

32.5 

37.1 
28.3 

28.3 
35-4 


0.0 

1.3 
20.1 

8.1 

7.3 

6.9 

10.6 

10.7 

"5 
7.0 

22.1 


351 lbs. 

423 *' 
III '* 

273 •' 

'59 :: 

251 
180 '• 

194 " 
253 " 
283 •• 


266 lbs. 
248 •' 
248 " 
248 '• 
248 " 
248 " 
248 " 
248 •• 
248 ** 
248 " 





Note. — The residue on No. 8 screen not used in the mortar test. All 
percentages and proportions were determined by weight. 

The results in Table No. i are relative and comparable, 
the same sample of cement being used throughout. None of 
the natural sands tested were considered "doubtful" on the first 
examination, but the wide variation in value will be noted. 

The gradation of sand, as determined by the sieve tests, 
is not, alone, an index of its value as a mortar ingredient, and 
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unless accompanied by tensile tests of the mortar this determin- 
ation is often misleading. 

Bank sand, 26 samples, aver. 7 days (3 to i) 168 lbs. 

Standard sand, 23 tests to compare 246 lbs. 

Bank sand, 21 samples, aver. 28 days (3 to i ) 261 lbs. 

Standard sand, 19 tests to compare 352 lbs. 

Bank sand— gain in strength, 7 to 28 days (average) 55 per cent. 

Standard sand — gain in strength, 7 to 28 days (average) 43 per cent. 

Note. — The standard sand used for comparative tests was the Ottawa 
sand passing the No. 20 and held on the No. 30 sieve, excepting samples 
Nos. 9 and 10, in which crushed quartz was used. The samples of bank 
sand represent commercial sands used extensively in New England. 

An experienced and trained observer can generally pass 
upon the suitability of sand from the standard of fineness, but 
tensile or compressive tests will be required to fix its real value. 

There is as much or even more commercial advantage to 
vendors of sand in showing comparative tests of their product in 
mortars as to cement salesmen in following this time-honored 
custom. 

Dredged Sand. — Screen analyses of samples A and B are 
given as representing the approximate extreme variations in 
dredged sands extensively used in and near Boston. No tensile 
results given. 

Comparison: Each sample of bank sand may be compared 
with the standard sand results shown opposite, the same cement 
being used in each ; but the same cement was not used through- 
out the series of twenty-six samples. A standard high-grade 
Portland cement was used in every case. 

For the results shown in Table No. 2, the Association is 
indebted to Messrs. Sherman & Edwards, Chemists and Cement 
Testers, 12 Pearl Street, Boston, Mass. 

The general tendency in all reinforced concrete construction 
in the best practice is toward richer mixtures, particularly for 
column, beam and slab construction. The economy and logic 
of this is readily seen. 

1st. It makes possible the more economic handling of forms. 

2d. It is a safeguard against the dangers of average poor 
sand. 

3d. It means added strength and insures closer and more 
perfect contact with the steel. 

4th. It reduces to a minimum the personal equation in 

14 
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mixing and placing the concrete, the latter operation sometimes 
called "unmixing." 

Sth. It means better fireproofing in that the aggregate is 
better covered and protected. 

6th. It is denser, stronger and more waterproof. 

7th. The difference in cost per cubic yard of concrete is 
nominal and much less than appears by reason of the advantages 
under Nos. i to 6. 

The actual difference in cost of cement alone, per cubic 
yard of concrete, is given below, the assumed cost of cement 
being $1.50 per barrel net: 

Proportions Cement Required. Cost Cement Per Cu. Yd. 

1 : 13^:3 1.90 bbls. $2.85 

1:2 : 4 1.48 " 2.22 

1 : 2}/^ : 4 1.38 " 2.07 

1:3 :5 1.14 " 171 

1:3 :6 1.02 " 1.53 

We are all reminded in this connection of the small per- 
centage cement bears to the total cost of the completed work; 
in other words, if reinforced concrete in building construction 
could be figured at as low an average cost as $20 per cubic 
yard, the percentage cost of cement would be as follows for 
the several proportions given : 

Proportions. Cost of Cement — Percentage of Total 
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When we consider the many attending advantages of the 
richer mixtures, is there any reason — financial, structural or 
sentimental — why we should not use them? 



GENERAL DISCUSSION ON THE USE OF CEMENT. 



ON CRACK IN WALL OF HOUSE. 

Mr. Dana G. Chandler. — About six years ago I furnished 
concrete blocks for a house, and also put in a cement floor and 
porch. A year afterwards a crack appeared extending about 
four feet up at one comer on the outside of the house. It 
passed through a joint between two blocks and then right through 
the center of the next block and so on, and wa3 of about the 
same width all the way up. About a year ago I examined the 
crack again and found that it extended two feet further up, or 
six feet in all. This crack does not appear on the inside, but 
seems to exist only in the outside wall of the blocks. I have 
been unable to determine the cause of the crack. 

President Humphrey. — ^The crack may be due to expan- 
sion, even though it does not appear on the inside. Could the 
plaster on the inside hide the crack? 

Mr, Chandler. — No. The wall is plastered right on the 
block, is six to eight inches thick and made of good solid 
concrete. The inside floor is of heavy cement and there is a 
cement porch floor all around the house. 

Mr. Beyer. — We built — well, fifteen block-houses last year, 
and six out of the fifteen have had the same trouble with cracks 
on the outside. I supposed they were due to expansion. 

President Humphrey. — The expansion or contraction of 
blocks through heat is a rather serious problem. Sometimes 
the block is quite green when it is put in and the web is thin, 
and the changes of temperature on the outside may be such 
that expansion is produced. It is the tmequal expansion of 
the parts that causes cracking. 

ON the thickness o? a mortar joint. 

Mr. Brown. — I would like to ask as to what is considered 
the correct thickness of a mortar joint. 

(211) 
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Mr. Welch. — I find that a f^-in. mortar joint is satis- 
factory if the blocks are all of one size. If the blocks vary 
in size it will take a larger joint. A two-piece wall can be 
built up with a smaller joint than a one piece, for it is easier 
to keep the face plumb in the former; at least this has been my 
experience. 

Mr. Chandler. — It is hard to get the masons to carry a 
quarter-inch joint. The nearest we can get them to come to it is 
three-eighths. The blocks are all exactly the same size. 

Mr. Phipps. — I have had a good deal of trouble with the 
mortar joint proposition in the cement block business. I used 
to try to keep the masons down to a quarter-inch joint, but 
I found it almost impossible to do so. When you let them 
come up to three-eighths, you get a much better looking job 
and a much straighter wall. 



ON STEAM CURINa 

Mr. Chandler. — This winter I expect to install a steam 
press for curing blocks. I want to start right and would be 
glad to hear the experience of others. 

President Humphrey. — ^The object of steam curing is 
to accelerate the hardening of the block by artificial means. 
Heat will accelerate the setting of the cement, but what to 
observe and take care of in such presses is to have the steam 
wet. The reason is that the steam, if dry, will take the mois- 
ture out of the block, and instead of being stronger, the block 
is materially weaker. Another point is that the temperature 
should not be kept high for too long a period. It is made 
to stand a test of forty-eight hours say, and a test of say 
six months may show somewhat less strength than would be 
expected. There does not seem to be any special limitation 
as to pressure used. Experiments at St. Louis seem to indi- 
cate that high pressures up to sixty or eighty pounds are effec- 
tive; two pounds is a good pressure. The main thing is to 
have your steam wet, so that it will be saturated, and the block 
itself will keep wet. 

Mr. Chandler. — ^Just simply have pressure enough to carry 
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tlie steain into the coil, so that it turns into a vapor which the 
block will absorb. 

President Humphrey. — Temperature is also necessary, 
because it is the heat that does the work. It is not so much 
the moisture as it is the moist warm air that causes the chemical 
action to take place in the block. 

Another point to be observed is that if you have 
a very high coil, and allow the steam to come in from the 
bottom, one part of the coil will be moist while another part 
may be dry. There you have a condition where one part of 
the block will be supplied with heat and another will receive the 
water. There are a great many more difficulties connected with 
steam curing than is apparent on the face. Theoretically, it 
seems like a simple proposition, but as a matter of fact it requires 
a great deal of care to get a satisfactory block. We formerly 
allowed the block to cure twenty-four hours in moist air by 
sprinkling, and after that submitted it to steam test; this method 
seems to give better results. 



ON reinforced concrete sidewalks. 

Mr. Theodore H. Skinner. — No mention of a reinforced 
walk has been made, and it seems to me as if the question of 
reinforcing sidewalks should be brought up and that, in drawing 
general specifications, it should be made plain that the thick- 
nesses and mixtures specified are for plain stone concrete slabs, 
and that paragraphs might be inserted providing that wherever 
reinforcement is used the thicknesses and mixtures recommended 
need not apply. I believe the whole matter should be left to 
the engineer in charge, because I know that a very light metallic 
reinforcement embedded in the lower surface of a thin block will 
enable it to withstand large loads. It would appear to me that 
economy could be effected in many cases, where deep foundations 
are now specified, if a reinforcement were introduced; and that 
the sidewalk men could, with advantage, consider the question 
of using some form of reinforcement to protect the blocks from 
breaking up, and if the blocks are put down on bare ground 
without a metal fabric of some kind embedded therein, you run 
the risk of having the pavement break up, while the introduction 
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of some such reinforcement would save perhaps two or more 
inches in the thickness of the blocks and give better blocks when 
they are done. 

Mr. W. W. ScHouLER.^The Stewart Granolithic Company, 
one of the first companies to build sidewalks in this country, 
used a piece of steel wire around the four sides and within six 
inches of the outside of each block, but after a while they dis- 
covered that the sidewalk was about as good without it. While 
various patents have been taken out for reinforcing, none of 
them are used, and we find that if half of the cost of reinforcing 
is put in cement, it works just as well. 

In the matter of thin pavements, I have had some little 
experience. I have tried to lay a four-foot flag two inches thick 
with reinforcement, and without, and I found that the sidewalk 
needs body. It is not wise to lay it less than three inches, and 
I would almost say four inches. Take a two-inch slab four 
feet square, and it will warp with the sun ; so instead of shedding 
water to the gutter it would make a gutter of itself. 



on streets and roads. 

Mr. William H. Dunn. — I have been hoping that some one 
would bring up the question of concrete roads. It is a subject 
I am especially interested in and have come here to get some 
information. 

President Humphrey. — I had expected this matter to come 
up later and it may be an opportune time to take it up now. 

The subject of concrete roads has been commanding con- 
siderable attention and a number of such roads have been built. 
The construction of a road consists in laying the sub-base upon 
which to place the base that supports the wearing surface. The 
wearing surface is, of course, to be renewable, but the sub- 
base and base are intended to last forever and they should be 
properly drained and protected. A granolithic surface has been 
considered a suitable finish for these concrete roads. This devel- 
opment has been largely the result of the extensive use of the 
automobile as a means of transportation. It is found that auto- 
mobiles are very hard on a road and the concrete road bed seems 
to stand up better than any other form. 
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I would like to ask Mr. Maynard if he will not give us some 
information on the concrete roads in Massachusetts. 

Mr. Arthur J. Maynard. — I know of no roads that are 
made entirely of concrete. In the city of Worcester the old pave- 
ment blocks were removed, the ground rolled down hard and then 
a layer of crushed stone placed about 4 in. thick and rolled. 
Over this crushed stone was applied a cement grout composed 
of one part cement, three parts sand and then again rolled. 
The following day a i-in. layer of sand was spread over this grout, 
then the old blocks relayed and rammed level, the joints grouted 
and filled in with roofing gravel level with the highest point. 
The completed work resembles concrete. 

Mr. W. W. Schouler. — While I have never seen a con- 
crete road, I understand a few have been built, and the only 
objection is that they are slippery. That applies to any smooth 
road in the winter time. Bitulithic or any coal tar preparation 
is less slippery on account of its being bituminous macadam, and 
coarser material on the surface, but I do not know why con- 
crete, with the proper constituency of aggregate, and thick- 
enough to stand heavy traffic, would not be the cheapest road 
to make and also to maintain. I think by eliminating the joints 
necessary for contraction in most cement work, that although it 
would crack, the cracks would close up quickly with dirt, so as 
not to form edges for the wheels to break. On a residence 
street, not subject to very heavy traffic, except occasionally a 
coal wagon or something of that kind, and in a city like BuflFalo, 
where, I presume, seventy-five per cent, of the pleasure vehicles 
are automobiles, I should think it would be an ideal pavement. 

Mr. R. M. Wood. — A good many years ago I built crossings 
at all the streets, within a dozen blocks of our works, for the pur- 
pose of showing what cement would do in street crossings and 
streets. Those crossings are there to-day, almost as good as 
when put down. You need not be afraid of cement, either for 
its resisting or its wearing qualities. The impinging of heavy 
teams did not seem to work into it, as it does with many other 
kinds of paving material. I should not be afraid to put down a 
cement street anywhere and think it will stand the force of the 
load as well as anything else. 
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Mr. E. p. Goodrich. — I have had some experience in put- 
ting down this type of road, and the results have been unsatis- 
factory, in spite of the best work that could be secured. It 
seems to be impossible for concrete to stand the heavy traffic, 
such as occurs in front of the piers in New York City. It will 
crack and allow the wheels to break the edges further. These 
cracks do not go very deep, just through the top layer, through 
the cement which had worked to the top. Occasionally the 
pounding of the wheel breaks up the aggregate below, and large 
holes form in the concrete. I have known of half a dozen cases 
in New York City that had to be taken out, where the experi- 
ment was made, and it was made very carefully at first. There 
are a few pavements in existence at the present time. They 
seem to last best when they are allowed to become very heavily 
coated with sand, and refuse of other kinds, so that the imping- 
ing of the wheels does not come directly on the surface itself. 

Mr. Skinner. — I would like to ask Mr. Goodrich if that was 
a granolithic pavement or whether it was a straight concrete 
pavement, and how they were laid. 

Mr. Goodrich. — Some of them were granolithic and some 
otherwise. Some, I think, were four or five hundred feet long 
and sixty feet wide. Simply a concrete base and float finish to 
bring them to a fairly decent surface. 

Mr. Skinner. — I was talking with Mr. Larned last 
night about a concrete pavement that had been laid in 
Boston recently, which I have not seen personally. He told me 
that they were put down very differently from ordinary concrete. 
First, a base of coarse concrete underdrained and turn-piked 
is laid over the width of the road; second, on top of the coarse 
base a layer of thin mortar is spread and rather large size 
crushed stone is rolled into the mortar with a road roller, then 
another layer of mortar is spread and smaller size stone, o^ 
gravel, is rolled into that, and the above process repeated three 
or four times until the surface required is reached. The final 
coat of cement and sand is then rolled in; it is not trowelled, 
or. finished with a straight edge, but left under the roller. A 
road built like that above is what I understand by the term con- 
crete road, not a granolithic pavement, such as we ordinarily 
put down for sidewalks and entrance drives. 
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President Humphrey. — I am told that the cost of these 
concrete roads is about one dollar a yard, and that, of course, 
compares very favorably with asphalt, brick or block pavements, 
which cost perhaps one hundred per cent, more, even more than 
that. The theory of the steam roller I understand to be it 
takes the concrete and by a rolling action works the aggregate 
and stone into close contact, and the cement surface produces 
the skum which is so necessary for that work. 

Mr. Skinner. — Is that not a better process than the ordinary 
granolithic process, in which the aggregates are put in very wet 
and floated to the surface, and then finally trowelled to a hard 
smooth finish? 

President Humphrey. — I understand that a heavy roller 
working on the concrete will allow the use of a less percentage 
of water, just as in the case of pneumatic tamping, where a 
less amount of water is used with a hand tamper. 

Mr. Schouler. — In laying asphalt pavement on concrete 
it is always found necessary to put on a binder about a half 
inch thick. This is spread on the concrete when it is set, and 
being of a liquid nature, sticks to the concrete and then it is 
worked with a little roller to expose the voids, so that when the 
asphalt mixure is laid, it adheres very readily. That is the only 
thing that holds the top wearing surface of the asphalt pavement 
to the concrete. When you use a coal tar preparation like the 
bitulithic or bituminous macadam, controlled by patents, the 
owners are quite particular how and where it is laid. They have 
had trouble in various cities by using a patented article, as it 
does not give open competition. Coal tar, in a liquid state, 
would adhere to concrete, and coal tar and molasses have the 
reputation of never evaporating. They dry out on the surface, 
but even in an old Scrimshaw pavement, turn it upside down 
and you will find the coal tar is about in the same condition it 
was when laid twenty years ago. Whether a two-inch layer of 
concrete face would be sufficient for heavy traffic is a question, 
but I suggested putting down a concrete face; and when not 
found successful, and commencing to wear holes into it, then 
it was time to consider putting down a wearing surface on that. 

Mr. Go(H)RICH. — I have done considerable waterproofing 
nvork by the use of tar and asphalt on concrete, and the great 
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trouble in securing a bond seems to be too much moisture in 
the concrete, so that it is almost impossible to dry it out enough 
to get the adhesion. It is best to use a blow torch, go over 
the concrete wall very carefully and then sweep on tlie asphalt 
hot. If the wall has much porosity the material will fill the 
voids in the surface and quite a good bond can be secured, 
but it would be a very costly operation in the end. 

President Humphrey. — I understand that asphalt men have 
made use of benzine mixed with the asphalt when it is hot; a 
small quantity would cause the asphalt to stick to the concrete. 

Mr. Goodrich. — ^That is because in some of the asphalt the 
lighter oils are carried into the wall. There are certain patented 
waterproof paints of that character which use benzine or some 
similar chemical as the vehicle to carry the material into the 
concrete. Paraflfine is used because this vehicle is more soluble 
than asphalt. 

Mr. M. S. Daniels. — I know that in the lining of a certain 
reservoir coated to render it water-tight, the contractors experi- 
mented a great deal — they could not make it stick. 

Mr. James E. Payne. — We had the cement contract for the 
American Cigar Company's plant in Buffalo. The building was 
situated on very low ground, and the conditions were very bad. 
There were no footers used under the outside wall. The brick 
were floated in cement mortar, and the excavations were left 
open around the wall which we afterwards plastered with cement. 
Thirty days later they were coated with asphalt up to the grade 
line. We had no difficulty in setting the waterproofing up to 
the grade line; this was paint and waterproof. 

Mr. Lewis P. Sibley. — I am connected with a company 
that is putting out a material used on macadam roads 
for maintaining the surface. The principle on which 
it is applied is that it does away with the need 
of the fine material that costs so much to maintain on 
top of the inch to two-inch stone. We find that it penetrates 
the road sufficiently to reinforce the bond between the stone. 
After it has been applied, either hot or cold, it is common to 
scatter on just sufficient screenings or sand to take up the 
surplus that has not penetrated the road. Where screenings 
are used they are gone over with a road roller which forces 
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the screenings into the material. This treatment will last for 
a longer or shorter time, depending on the traffic. Now as 
to the use of this material with a cement concrete base, it does 
not seem to me feasible to attempt putting on more than a 
quarter of an inch or a half inch at the most on any tar or 
other bituminous material. Great care would have to be taken 
in proportioning the material aggregate so as to get a minimum 
of voids and then put in just enough to fill those voids. If 
you attempt to put on an inch or two inches and add too much 
of the material, the street would be soft, and if there was too 
little, it would crack. 

The suggestion has been made, and it seems to me it 
might work out, that after a good base of concrete has been first 
put down, a coating of the material might be applied the same 
as it would be applied to a macadam road. Then simply use 
enough screenings to take up the surplus and roll with a road 
roller. This would give a wearing surface from one-quarter 
to one-half inch in thickness. The penetration of the material 
will depend, of course, upon the density of the concrete. I think 
it would hold to the concrete and there would be sufficient 
elasticity to prevent the grinding out of the concrete. If cracks 
occur from expansion or contraction, the impact from wheels 
would not tend to cut out those cracks because of this elastic 
wearing surface. How often such application would have to 
be made would, of course, depend upon the traffic, but it seems 
to me it is worth an experiment. As to the applying of oil 
to the surface of concrete when putting on waterproofing, that 
is sometimes done and with coal tar pitch, the oil used is that 
obtained from tar in the distillation of pitch, in other words, 
creosote oil. The oil will penetrate the seams such as are 
found in concrete, so that when the hot pitch is applied it seems 
to follow the oil in. That might be necessary on a concrete 
street, in order to get a thorough bond in the concrete, and 
prevent the peeling off, but the material we produce contains 
so much more creosote oil than any pitch, that the need of 
oil is very doubtful. This matter was suggested to me last 
night, and I do not know of any roads. so constructed. A 
gentleman was inquiring as to the costs and methods of apply- 
ing this material to a macadam road and as to how it might 



220 Discussion on the Use of Cement. 

be applied to a concrete road. I simply make these suggestions 
at his request. It seems to me this is worthy of some experi- 
mentation. 

Mr. Goodrich. — ^The thought has occurred to me, why 
would it not be possible, after the base is laid, to put on an 
additional thin layer of say four or five to one concrete, so as not 
to have the voids filled and ram this surface only lightly, so 
that it would go into the base to some extent and still leave 
the surface full of openings which might hold the asphalt, 
bitumen or pitch. Of course, the trouble would be to get the 
right mixture, but it might be done, it seems to me. 

Mr. Schouler. — That is about the way they build the 
bitulithic pavements. I had occasion to use oil on a macadam 
road. I found it was very satisfactory for about four months, 
and the condition of the macadam road was uninjured. We 
had no good method of applying it, so we put it on with a 
hand sprinkler, there was more in some places than in others. 
We found that after one coat was laid on the surface the 
macadam road was about as near water-tight as the concrete. 
Oil is used simply to lay the dust and as a binder, but I 
believe that after it is two or three months old one-half the 
usual quantity of water is necessary to lay the dust. Oil can 
be used satisfactorily, and retains the dust laying properties 
much longer, and I fail to see what advantage the material 
the last speaker referred to would have on top of concrete with 
two inches of broken stone on top. There are no binding 
qualities peculiar to the aggregates of that material, whereas 
if this coal tar was boiled down so that it would arrive at 
various degrees of hardness, it would set, but there would be 
no tenacity. 

Mr. Sibley. — There are not sufficient binding qualities in 
the material I have referred to or any of the thinner prepara- 
tions of tar to bond together mineral aggregates of two 
inches in thickness so that they would stand traffic. That is 
why I said that there should not be over one-half inch of 
such material and that the need was for simply sufficient wear- 
ing surface, so that in case cracks appeared in the concrete 
it would fill them in a short time and overcome the wear from 
wheels when crossing such cracks. If two inches of bituminous 
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material were to be applied to concrete, great care would be 
required in having the material uniform and the coal tar pitch 
would have to be of the proper consistency to mix with the 
aggregate, depending on the size of the stone and the amount 
of voids that had to be filled. That is why the bitulithic 
people have made a success; they have been extremely caireful 
about their mixtures, and I understand that it is upon the differ- 
ent sizes of stone in the mineral aggregate that their patents 
are based. 

Coal tar products are not affected by water. The trouble 
from some bitulithic pavement may be that it did not have 
the proper proportion of different sizes of stone or that there 
was not sufficient of the tar distillate to fill the voids. I believe 
they claim to proportion their aggregate so that only 4j4 per 
cent, of bonding material is needed to fill the voids completely, 
while sand screened through a ten mesh sieve, as is used on 
an asphalt top coat, requires at least 8 per cent, to fill the 
voids and the bitulithic people claim that by reducing the 
percentage of material affected by heat and cold and using 
from one inch to one-half inch stone in the mixture, they 
provide a more permanent pavement. 

Mr. C. J. Welch. — I would like some information on 
the use of concrete for street paving and the thickness of the 
finish coat. I understand that some have been using a 2-in. 
top coat. Is it necessary to have the top finish that thick? 

Mr. Schouler- — I have laid alleys and yards around fac- 
tories with a pavement similar to sidewalks, leaving the sur- 
face either blocked off into squares of giving a footing for 
horses. We have been uging them ten years, and I find that 
where teams drive around as in the yard, the pavement wears 
very satisfactorily, but in the case of an alley, where the wagons 
are continually passing in the same tracks, it shows wear. I 
do not recommend joints in a driveway; I would rather have 
it crack as the changes of temperature would indicate. 
I would not make a concrete roadway less than eight 
inches thick. In some cases, as for instance in front of a fire 
engine house, where the steamers weighing eighty-eight hun- 
dred pounds come out with three horses and a heavy truck, 
I think I would make it ten inches. 
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Mr. Welch. — In driveways I have always used six inches, 
putting in about four inches and a half of rough concrete, 
and then putting in about an inch and a half of finish on top. 
We have always corrugated our residence driveways. Of course, 
some very heavy traffic runs over that, but it keeps the road 
from being slippery. We have never had any particular trouble 
with the joints cracking or breaking. There is considerable 
traffic over them every day with ordinary loads; it would be 
hard to determine the amount. What I have seen of the streets 
they have done good service so far, and time will tell how it 
will compare with brick and other paving materials. 

Mr. Schouler. — A macadam street should be resurfaced 
every three years. In various places concrete might be better. 
I believe that concrete such as that spoken of would last longer, 
but it would cost more. I know that the roads in Massachusetts 
are largely made of gravel, and make nearly as good a road as 
trap rock macadam. 

Mr. p. p. Comoli. — As to the finish of concrete roads: 
It is not so much a question as to how hard you 
make your surface, as to how smooth it is. If the 
surface is properly put on, with the proper treatment, there 
is no question but that it will stand all the traffic you want 
to put on it, but it must be smooth. The surface should be 
smoothj and of the right degree of hardness. You should 
allow the cement so many days to harden. The only objection 
to cement roadways is that people want to get over them too 
soon, and they break the fence down, and travel across. The 
wearing part is where the wheel comes in contact with the 
surface. That is what destroys your surface, and as long as that 
surface is even there is no grip afforded for the wheel, and 
when it rubs against it, cannot break it down. If the surface 
is uneven, then the rubbing of the wheel against it catches in 
the unevenness, and soon your pavement is full of little pits, 
and the wheel coming in contact with them pulls the concrete 
out. The surface should not be left smooth — it should be left 
float-finish. Any float finish will hold a horse. Some people 
put salt all over the street to prevent freezing. Salt is a bad 
thing on streets, and is injurious to the animal. A little bit 
of sand scattered over the walk makes a good foothold. 
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Mr. Schouler. — It seems to be the concensus of opinion 
of sidewalk men that it is unwise to use a dryer without 
incorporating it well with the wearing surface. The only 
advantage of the dryer is to accelerate the work, getting rid 
of the water. Referring to horses travelling over a smooth 
pavement, there is nothing smoother than an asphalt pavement 
in cold weather with an inch of snow or frost on it. It is 
very slippery, and horses with calks often do not get a good 
foot hold. My experience teaches me that rubber pads on 
horses will keep them from slipping better than calks if there 
is a hard smooth pavement, whether it is concrete or asphalt. 



REPORT OF THE COMMITTEE 
ON MACHINERY FOR CEMENT USERS. 

By Mentor Wetzstein, Chairman. 

The writer, representing the section on Machinery for 
Cement Users, recommends to the Association the appointment 
of a permanent Secretary, who shall also bear the title of Gen- 
eral Manager of Exhibitions, to be paid a salary of $2,500 per 
annum ($1,500 of which shall be paid by exhibitors), and in 
addition such reasonable expenses as may be necessary, with the 
understanding that he shall devote to the exhibitors such time 
and give attention to such details as shall be prescribed, and 
which shall have the sanction of the Executive Board of the 
Association. As a proof that this recommendation is feasible from 
the exhibitors* point of view, the present exhibition may be taken 
as an illustration. There are approximately 130 exhibitors. The 
$1,500.00 pro-rated among these would make the cost to each 
individual exhibitor about $12.00. This would do away with 
many petty annoyances and grievances, and in the end would be 
of the greatest benefit, and would save money instead of being 
an additional expense. 

It is further recommended that a permanent place of exhib- 
itions be selected — ^this is a problem fully appreciated. We have 
at this convention the largest hall in which we have yet exhib- 
ited, and it is filled to overflowing. 

It is with great regret that the writer announces that the 
National Concrete Machinery Manufacturers' Association has 
ceased to exist, except possibly in name only; the failure of its 
members to pay dues made it impossible to hold the annual meet- 
ing last August. As an officer of that Association, I have the most 
sincere personal regret that it no longer exists; had you been 
present at the last meeting at the Wayne Hotel, Detroit, Michigan, 
in August, 1906, and noted the large attendance, the interest 
taken in the excellent papers that were read and the enthusiasm 
of each member, you would not have* believed it possible for that 

(m4) 
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interest to wane in so brief a period. It is more particularly to be 
regretted when you consider that as a separate body these manu- 
facturers could have been of great aid to this Association in at 
least one section. The writer knows of no excuse or reason why 
the N. C. M. M. Association should cease to exist, and makes 
the promise that immediately after the close of this convention he 
will address a letter to every manufacturer of concrete machinery 
and try once more to unite these manufacturers who annually aid 
in making the exhibition portion of our convention a success, 
"the attraction par excellence," which is instrumental in spread- 
ing information on cement and its uses, causing a wide-spread 
interest. 

The writer makes the prediction that within two years no 
hall, auditorium or coliseum in this country will contain sufficient 
area for the display of the products of this rapidly growing 
industry. 

On every hand are evidences of greater perfection, and each 
year sees added improvement in all lines covered by the various 
machinery: mixers, block, brick, tile and steam-curing machin- 
ery, ornamental molds, etc., used in the cement industry. As 
one year's convention spans to the next, we find that time has 
been taken by the forelock, money expended, energy exerted, all 
in the betterment of that which was so interesting last year and 
which is so much better this year. New devices continue to 
spring into existence, and on every hand it seems that an 
Aladdin's lamp has cast its magic rays and lights to public gaze 
the genius of the inventive brain. Awakening to the wonderful 
possibilities of the machinery and its products, it may be well 
said that opportunity is everywhere knocking at the public gates, 
bidding them rise and partake of the prosperity which may be 
theirs. 

Each buyer should, however, use his careful judgment in the 
selection of his machinery. If desiring a mixer, he should 
acquaint himself first with the various varieties: continuous, 
batch or combination. He must choose according to the work in 
hand and the business he is conducting. He assuredly has the 
opportunity of choice and has but himself to blame if he errs. 
Quality and perfection must govern, and not the price. In block 
machinery, he will find the senses almost bewildered by the 
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great array, but here again he must be doubly cautious. He has 
more questions to ask himself than he could possibly ask the 
seller. There are various types and styles, each having its good 
points. To properly select the machine he must know the kind of 
work for which it is required, then the size, its range in possibil- 
ities, its perfection, its accuracy of dimension, rapidity of opera- 
tion, simplicity of the parts, length of time it has been on the 
market, satisfaction it has given, price consistent with quality, 
strength and durability, the attachments and accessories obtain- 
able, whether manufactured on basic patents or whether under 
an infringement, the responsibility of the manufacturer, are 
points that should be carefully considered. 

In brick and tile machines investigation, not quite so compre- 
hensive perhaps, should be undertaken before the final selection of 
a machine. Ornamental molds should be judged by strength, 
quality of iron, smoothness of the inside finish, simplicity of 
locking device, beauty of design, rapidity of manipulation, 
symmetry, sharpness of outlines, etc. 

Apparatus for steam curing is rapidly developing, and the 
process is very important and interesting. Large cylinders are 
being used, having a capacity of upwards of 200 blocks, and 
recent tests, I am informed, have shown actual results in steam- 
cured blocks having a crushing strength in two days equal to 
that of perfectly cured and sprinkled blocks at the end of 180 
days. 

In pneumatic tamping machinery, there has been rapid de- 
velopment and numerous devices are exhibited, backed by respon- 
sible guarantee. 

There is one development in the marketing of block machines 
which should receive our earnest condemnation : the cheap "mail- 
order" business, consisting, as they do, of a lot of castings thrown 
together and bolted, often sold because of alluring bargain prices. 
The designs furnished are bad, molds are untrue, and in conse- 
quence there is produced a product which is a boomerang to the 
industry in general. Since these machines fall into the hands of 
those who know nothing whatever about cement, a product is 
brought forth that is a detriment to the industry. 

We need enlightenment on a subject that has set our block 
machine manufacturers thinking. 
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We wonder why mention of our block machines is so studi- 
ously avoided, and more so still, their product, concrete blocks, by 
the cement companies. No recognition is accorded, none do 
them honor. Never is any mention made in all their trade litera- 
ture. One of these cement companies publishing books on con- 
crete never allows the use of concrete block$ to find lodgment in 
their pages. With them it is ever an almost fanatical worship of 
monolith. What have the manufacturers and users of machines 
done to deserve this silent contempt? Are they aware that the 
concrete block industry is making gigantic strides, that ten 
thousand machines are digesting the product of their mills, and 
every day there are added converts to the mighty host? One man 
alone among them has deigned to smile on us, and we love him. 
There is an old saying, *'A word to the wise is sufficient." Again 
and again do the users and prospective buyers of machinery ask, 
**How is this brand of cement, or that?" Suppose we were to 
demand "An eye for an eye and a tooth for a tooth?" But we 
are silent to the wrongs done us, and we charitably do unto them 
what we would like them to do unto us. 

Every year, Mr. President, you invite concrete machinery 
manufacturers to make an exhibit. They pay liberally for space, 
light, decorations, etc. Their expenses in coming from all sec- 
tions of the country, often bringing numerous helpers, large ship- 
ments of their machinery, with the cartage, handling, preparation, 
removal and many other incidental expenses in connection, are 
quite greater than most of you gentlemen realize. 

The writer will grant you there is some compensation derived 
from the advertising, some actual sales, but never in degree or 
volume commensurate with the expense. You must acknowledge 
that your exhibition is your greatest source of revenue, and we 
feel that if you will act on the suggestion we wish to make, your 
revenue will greatly increase. The inducement we ask you to 
extend is that your Executive Board arrange for greater publicity 
by press notices, bill-boards and advertisement, giving the utmost 
publicity to these annual conventions. Where now a friendly 
rivalry exists in making of display, a greater campaign of pub- 
licity by you, begun immediately after the selection of the place 
for the next convention, would arouse enthusiasm, stimulate 
rivalry to greater efforts, and the incentive would act like magic. 
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Displays would be made artistic, elaborate and interesting. The 
press would enthuse, the public patronize, with the result that the 
door-receipts would swell to large proportions, the treasury begin 
to bulge, the advertising investment would be returned to your 
coffers many fold, and a fund created which would place our 
Association on a basis of unexampled prosperity and affluence. 
In these times of so-called panic, the writer knows you will relish 
his vein of optimistic thought. A pessimist will not mix well 
with our cement enthusiasts. 



REPORT OF THE COMMITTEE 
ON FIREPROOFING AND INSURANCE. 

By William M. Bailey, Chairman, 

During the past year no new or startling developments have 
been made regarding the use of Portland cement concrete as a 
fire resisting building material. The continued laboratory tests 
and actual fires on concrete warrant the universal approval of 
this material for fireproof building construction. Wherever 
severe conflagrations have occurred in buildings of either steel 
frame protected with concrete or of the reinforced concrete type, 
the damage by fire and water has been less than expected from 
the results obtained from laboratory testing. 

It is not necessary to repeat here the comparative conditions 
of concrete fireproofing to terra-cotta in the recent large con- 
flagrations, more especially those of Baltimore and San Francisco ; 
anyone interested' need only read the reports given by the Amer- 
ican Society of Civil Engineers; also many reports by the ablest 
expert engineers and insurance men who have made a study of 
the ruins. 

Fireproof building construction should be interesting to 
everyone, be he owner, tenant, architect, insurance man, or the 
public; hence, there is plenty of field for effective missionary 
work along this line. Many of our city building ordinances 
are not properly revised and up-to-date concerning the subject 
of fireproofing. Some of the leading architects, who are intrusted 
with the great responsibility of constructing enormous buildings 
which house hundreds of people in offices, public buildings, and 
even our school children, know practically nothing concerning 
concrete as a fireproofing material. It is apparently of minor 
consideration with them, due undoubtedly to the lack of pub- 
lished general information and details on this important subject. 

When once an architect becomes interested enough to study 
concrete structures from a fireproof viewpoint he usually becomes 
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converted and seldom has reason to change his choice, and then 
only when poor materials or workmanship have been used. 

Concrete ranks at the head of all fireproof building materials 
because it is non-inflammable and non-combustible; it has a low 
thermal conductivity; it does not undergo molecular change due 
to fire and water to aiiy extent that will cause disintegration and 
exposure to the protected steel ; it has practically the same coeffi- 
cient of expansion as the steel that it fireproofs : it has strength, 
hardness and other physical properties which are imperative in a 
building to withstand vibration, wear and tear, etc. There are 
also many commercial reasons why concrete is so largely used 
in building construction. The design may be adapted to local 
requirements and the. labor and materials used where most 
needed. 

Fircproofing and Steel Frame. — There is no doubt that 
steel frame buildings are adequate for certain purposes, but all 
weight-bearing parts must be enveloped in a continuous or 
unbroken casing of rich Portland cement concrete. If the build- 
ing has large undivided floor areas storing combustible products 
capable of producing an intense heat for a long period of time, 
special care should be taken to have all steel work thoroughly 
incased with a sufficient thickness of concrete. The columns 
should have at least 3 inches of concrete covering all parts and 
this concrete should be secured to the columns by proper metal 
reinforcement imbedded in the concrete. The sides and bottoms 
of girders and floor beams should likewise be surrounded with 
concrete not less than 2J/2 inches, covering all parts. Clips or 
other fastenings of flange protection should not be exposed to 
action of heat or water. Floor arches should be designed and 
built of reinforced concrete to safely carry their loads without 
deflection enough to cause cracks. The reinforcing steel mem- 
bers should be protected with not less than ^ inch of 
concrete at all points. Wherever steel frames have been properly 
protected, as mentioned above, they have successfully passed 
through severe fires that have consumed all that could burn in 
a building. 

Concrete may be of Portland cement and an aggregate of sand 
and steam coal cinders, or sand and trap or other hard rock or 
gravel may be used. 
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Reinforced Concrete Structures. — If the structural part of 
the building is of reinforced concrete, the same general speci- 
fications regarding the protection of all steel members should 
be carefully executed, and in the best practice about i inch extra 
thickness of concrete should be added to protect the structural 
concrete. For example: suppose the design calls for a 12-inch 
X 12-inch concrete column to safely carry its load. It should be 
made 14 inches x 14 inches, the extra i inch on all faces acting 
merely as a fire resisting covering for the concrete inside. In 
designing buildings of reinforced concrete bear in mind that all 
concretes are more or less injured by intense heat. When the 
temperature of concrete reaches about 1,000 degrees Fahrenheit, 
its surface becomes deccxnposed, dehydration occurs and the 
water taken up by the cement in hardening is driven off. This 
process uses a large amount of heat and is extremely slow after 
the first Ji inch of the outer layer is affected; this outer layer 
really forms a "wet blanket" through which the heat must pass 
before each successive layer beyond can be affected. Tests show 
that a point 2 inches from the surface will stand an outside 
temperature of 1,500 degrees to 2,000 degrees with a rise of only 
500 to 700 degrees. 

Hollow Concrete Blocks. — ^We are all interested in the use 
of hollow concrete blocks for the construction of walls and par- 
titions in fireproof buildings. The opinion has been given by 
some that hollow blocks would not give the best of results in 
a severe fire due to the unequal heating of the two flanges; 
this possibly may be true of the one-piece block where the outer 
»id inner flanges are rigidly connected by a thin web of concrete 
which might rupture if one side only was heated, to a high 
temperature. 

This would probably cause splitting of the block, similar 
to what has occurred where terra-cotta blocks have been used 
for floors and partitions. We are awaiting the results of cer- 
tain tests along this line which we understand are being con- 
ducted at the Government laboratory, St. Louis, and at the 
laboratory of the Fire Underwriters, Chicago, which undoubt- 
edly will be of great value to the public. One very severe fire 
test has been reported this last year where hollow-block walls 
made a worthy showing, namely, in the five-story building occu- 
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pied by Montgomery & Co., furniture dealers, Nashville, TeniL 
Undoubtedly, there was a terrific heat created from the large 
amount of highly inflammable materials stored in this build- 
ing; the walls, however, were reported practically uninjured. 
They were constructed of the two-piece block type. 

Concrete Chimneys. — ^Considerable anxiety has recently been 
felt by many about the safety and lasting qualities of reinforced 
concrete chimneys. The conclusions derived from an expert's 
report, after careful investigation of the conditions of many 
chimneys throughout the country, are that if proper knowledge 
and care are used in designing, if wet concrete made of hard 
rock, sand and very rich in cement is used, and due regard is 
given to temperature stresses, there is no danger in erecting 
concrete chimneys that will give perfect satisfaction for all time. 

Insurance, — We are glad to report that the insurance com- 
panies are recognizing the superior fireproof qualities of con- 
crete when properly handled. Continued tests in fires have 
gradually convinced fire underwriters that concrete is a true fire 
resisting material. It is a fact that owners of well designed, 
honestly constructed and properly protected reinforced concrete 
buildings receive the lowest possible rate of insurance. .The 
conservative attitude which the insurance underwriters have taken 
regarding concrete risks have had a tendency to standardize the 
methods of construction. Concrete is susceptible of good, bad 
and indifferent handling, and for insurance people to give us 
their assistance, nothing but a high-class of workmanship should 
be attempted. We must look to the fire underwriters and insur- 
ance men for suggestions and assistance, and if everyone inter- 
ested in the various branches of this industry will honestly 
make use of the results of tests which are being conducted all 
over the world on this valuable material we shall have properly 
fireproof ed buildings and no recurrence of such disasters as have 
taken place in Boston, Chicago, Baltimore and San Francisco. 



REPORT OF THE COMMITTEE 
ON LAWS AND ORDINANCES. 

By H. C. Henley, Chairman* 

At the last annual meeting of the Association, this committee 
submitted a proposed ordinance governing cement construction 
for buildings. This ordinance was referred to the Specification 
Committee. 

There is probably no way in which the use of cement as a 
building material can be better advanced than by adequate laws. 
The results obtained in cement construction, where the work 
was intelligently designed and installed, have been excellent. 
This good record, however, is marred in no small degree by 
the failures which occur from time to time. These failures, 
upon investigation, invariably show the fault not to be due to 
the cement, but to a lack of knowledge as to its use or attempt 
to cheapen the work. There is no other material used in the 
construction of buildings that requires competent supervision 
more than cement, and its use should not be attempted by 
unskilled or incompetent persons. 

The National Board of Fire Underwriters, during the past 
year, has submitted an ordinance covering the construction of 
buildings of concrete. This ordinance will be adopted in some 
cities and used as a basis for ordinances in other cities. This 
ordinance is submitted, with the recommendation that it be 
referred to the Specification Committee for further report to 
the Association. 

Requirements for Reinforced Concrete or Concrete-Steel 

Constructed Buildings. 

Recommended by the National Board of Fire Underwriters. 

The term "reinforced concrete'* or "concrete-steel" in this 
section shall be understood to mean an approved concrete 

• This report was acce]>ted, but the recommendations were not adopted by the 
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mixture reinforced by steel of any shape, so combined that the 
steel will take up the tensional stresses and assist in the resistance 
to shear. 

Reinforced concrete construction may be accepted for fire- 
proof buildings, if designed as hereinafter prescribed, provided 
that the aggregate for such concrete shall be hard-burned, broken 
bricks or terra cotta, clean furnace clinkers, entirely free of 
combustible matter, clean broken stone, or furnace slag, or clean 
gravel, together with clean siliceous sand, if sand is required 
to produce a close and dense mixture, and provided, further, 
that the minimum thickness of concrete surrounding and rein- 
forcing members J4 i"ch or less in diameter shall be i inch, 
and for members heavier than % inch, the minimum thickness 
of protecting concrete shall be four diameters, taking that 
diameter, in the event of bars of other than circular cross- 
section, which lies in the direction in which the thickness of 
the concrete is measured; but no protecting concrete need be 
more than 4 inches thick for bars of any size; and provided, 
further, that all columns and girders of reinforced concrete shall 
have at least i inch of material on all exposed surfaces over 
and above that required for structural purposes, and all beams 
and floor slabs shall have at least ^ inch of such surplus material 
for fire-resisting purposes, but this shall not be construed as 
increasing the total thickness of protecting concrete as herein 
specified. 

An the requirements herein specified for protection of steel 
and for fire-resisting purposes shall apply to reinforced concrete 
filling between rolled-steel beams, as well as to reinforced 
concrete beams and to entire structures in reinforced concrete. 
Any concrete structure or the floor filling in same, reinforced 
or otherwise, which may be erected on a permanent centering 
of sheet metal or metal lathing and curved bars, or a metal 
centering of any other form, must be strong enough to carry its 
loads without assistance from the centering, unless the concrete 
is so applied as to protect the centering as herein specified for 
metal reinforcement. 

Exposed metal centering or exposed metal of any kind will 
not be considered a factor in the strength of any part of any 
concrete structure, and a plaster finish, applied over the metal, 
shall not be deemed sufficient protection. 
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All concrete for reinforced concrete construction, whenever 
used in such buildings, must be mixed in a machine which mixes 
one c(Mnplete batch at a time and entirely discharges it before 
another is introduced. At least 25 complete revolutions must 
be made at such a rate as to turn the concrete over at least once 
in each revolution for each batch. 

Before permission to erect any reinforced concrete structure 
is issued, complete drawings and specifications shall be filed with 
the commissioner of buildings, showing all details of the con- 
struction, the size and position of all reinforcing rods, stirrups, 
etc., and giving the composition of the concrete. 

The execution of work shall be performed by workmen 
under the direct supervision of a competent foreman or superin- 
tendent. 

All forms and centering for concrete shall be built plumb 
and in a substantial manner, with inside surfaces smooth and 
made tight, so that no part of the concrete mixture shall leak 
out through joints, cracks or holes, and after c(Mnpletion, shall 
be thoroughly cleaned out, removing shavings, chips, pieces of 
wood, and other material which should not be permitted in forms. 

The reinforcing steel shall be accurately located in the forms 
and secured against displacement while the concrete is being 
placed and tamped. 

Concrete shall be placed in forms as soon as practicable after 
mixing, and in all cases immediately after the addition of water. 

Whenever fresh concrete joins concrete that is set, or 
partially set, the surface of the old concrete shall be roughened, 
cleaned and thoroughly slushed with a grout of neat cement and 
water. 

Concrete shall not be installed in freezing weather; such 
weather shall be taken to mean a temperature of 32** Fahrenheit 
or lower ; concrete shall not be allowed to freeze after being put 
in place, and, if frozen, shall be removed. 

The time at which forms and centering may safely be 
removed will vary from twenty-four hours to sixty days, de- 
pending upon temperature and other atmospheric conditions of 
the weather, the time for such removal to be determined by the 
commissioner of buildings. 

The concrete shall be mixed in the proportions of one of 
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cement, two of sand, and four of other aggregates, as before 
provided, or the proportions may be such that the resistance of 
the concrete to crushing shall not be less than 2,000 pounds 
per square inch after hardening for twenty-eight days, but for 
reinforced or plain concrete columns the mixture shall not be 
leaner than one part of cement, two of sand, and five of the . 
coarser aggregate in any case. The tests to determine this value 
must be made under the direction of the commissioner of 
buildings. The concrete used in reinforced concrete construction 
must be what is usually known as a "wet" mixture. 

Only high-grade Portland cements shall be permitted in 
reinforced concrete constructed buildings. Such cements, when 
tested neat, shall, after one day in air, develop a tensile strength 
of at least 175 pounds per square inch; and after one day in air 
and six days in water, shall develop a tensile strength of at least 
500 pounds per square inch ; and after one day in air and twenty- 
seven days in water, shall develop a tensile strength of at least 
600 pounds per square inch. Other tests, as to fineness, con- 
stancy or volume, etc., made in accordance with the standard 
method prescribed by the American Society of Civil Engineers, 
may, from time to time, be prescribed by the commissioner of 
buildings.* 

The saind to be used must be clean, sharp grit sand, free 
from loam or dirt, and shall not be finer than the standard sample 
kept in the Department of Buildings. 

The stone used in the concrete shall be clean, broken stone, 
of a size that will pass through a ^-inch ring, or good gravel 
may be used in the same proportion as broken stone, or broken 
hard bricks or terra cotta or furnace slag or hard, clean clinkers 
may be used. 

The steel shall meet the requirements of Section 21 of t-hts 
code, which is as follows: 

"Stefx. — AH structural steel shall have an ultimate tensile strength of 
from 54,000 to 64,000 pounds per square inch. Its elastic limit shall be not 
less than 32,000 pounds per square inch, and test specimens, ruptured in 
tension, must show a minimum elongation of not less than 20 per cent, in 
eight inches. Rivet steel shall have an ultimate strength of from 50,000 to 
58,000 pounds per square inch." 

• The standard specifications for cement adopted by the American Society for 
Testing Materials were adopted by the National Association of Cement Users 
January, 1906 (Specification No. i). 
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G)ncrete steel shall be designed in accordance with the fol- 
lowing assumptions and requirements : 

(i) The adhesion between the concrete and the steel is 
sufficient to make the two materials act together ; the unit value 
of the adhesion is at least equal to the unit-shearing strength of 
concrete. 

(2) The design shall be based on the assumption of a load 
four times as great as the total working load (ordinary dead 
load plus ordinary live loads), producing a stress in the steel 
equal to the elastic limit and a stress in the concrete equal to 
2,000 pounds per square inch. 

(3) The modulus of elasticity of concrete at 2,000 pounds 
per square inch is equal to one-eighteenth of the modulus of 
elasticity of steel. 

(4) The steel takes all the tensile stress. 

(5) The stress-strain curve of concrete in compression, 
when the stress in the extreme fiber is 2,000 pounds per square 
inch, may be assumed. 

(a) As a straight line. 

(b) As a parabola, with its axis vertical and its vertex on 
the neutral axis of the beam, girder or slab; or 

(c) As an empirical curve, with an area one-quarter greater 
than if it were a straight line, and with its center of gravity at 
the same height as that of the parabolic area assumed in (b). 

(6) The assumption belonging to the common theory of 
flexure, where not modified by any of the foregoing, will apply. 

In the design of structures involving reinforced concrete 
girders and beams, as well as slabs, the girders and beams shall 
be treated as T-beams, with a portion of the slab acting as flange, 
in each case. The portion of the slab so acting shall be deter- 
mined by assuming that in any horizontal-plane section of the 
flange, the stresses are distributed as the ordinates or' a parabola, 
with its vertex in the stress-strain curve and with its axis in a 
longitudinal vertical plane through the center of the rib of the T. 

The shearing strength of concrete, corresponding to a com- 
pressive strength of 2,000 pounds per square inch, shall be 
assumed at 200 pounds per square inch. 

All reinforced concrete T-beams must be reinforced against 
the shearing stress along the plane of junction of the rib and the 
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flange. Where reinforced concrete girders carry reinforced 
concrete beams, the portion of the floor slab acting as flange 
to the girder must be reinforced with bars near the top, at right 
angles to the girder, to enable it to transmit local loads directly 
to the girder and not through the beams, thus avoiding an 
integration of compressive stresses due to simultaneous action 
as floor slab and girder flange. 

Concrete in direct compression shall not be stressed, under 
the working load, more than 350 pounds per square inch. 
Reinforced compression members shall be designed on the 
assumption that this stress in the concrete will be simultaneous 
with one of 6,000 pounds per square inch in the steel. Should 
the use of hooped concrete be proposed, the working stresses 
will be a subject for special consideration by the commissioner 
of buildings. 

In the execution of work in the field, work must be so 
carried on that the ribs of all girders and beams shall be mono- 
lithic with the floor slab. 

In all reinforced concrete structures, special care must be 
taken with the design of joints to provide against local stresses 
and secondary stresses due to the continuity of the structure. 

In the determination of the bending moments due to the 
external forces, beams and girders shall be considered as simply 
supported at the ends, no allowance being made for continuous 
construction over supports. Floor plates, when constructed 
continuous and when provided with reinforcement at top of 
plate over the supports, may be treated as continuous beams, 
the bending moment for uniformly distributed loads being taken 
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at not less than -^r-; the bending moment may be taken at-^- 
in the case of square floor plates which are reinforced in both 
directions and. supported on all sides. 

When the shearing stresses developed in any part of a 
reinforced concrete constructed building exceed, under the 
multiplied loads, the shearing strength as fixed in this section, a 
sufficient amount of steel shall be introduced in such a position 
that the deficiency in the resistance of the shear is overcome. 

When the safe limit of adhesion between the concrete and 
steel is exceeded, provision must be made for transmitting the 
strength of the steel to the concrete. 
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Reinforced concrete may be used for columns in which the 
ratio of length to least side or diameter does not exceed 12. The 
reinforcing rods must be tied together at intervals of not more 
than the least side or diameter of the column. 

The contractor must be prepared to make load tests on any 
portion of a reinforced concrete constructed building within a 
reasonable time after erection as often as may be required by 
the commissioner of buildings. The tests must show that the 
construction will sustain a load with a factor of safety for floors 
and structural members as required by Section 136 of this code, 
which is as follows: 

Factors of Safety. 

''Where the unit stress for any material is not prescribed in this Code, 
the relation of allowable unit stress to ultimate strength shall be — 

"As one to four for metals, subjected to tension or transverse stress; 

**As one to six for timber, 

"And as one to ten for natural or artificial stones and brick or stone 
masonry. 

"But wherever working stresses are prescribed in this Code, varying 
the factors of safety herein above given, the said working stresses shall be 
used.** 



REPORT OF THE COMMITTEE 
OX ART AND ARCHITECTURE. 

By Charles D. Watson, Chairman. 

It is gratifying to note the attention architects are beginning 
to give to the artistic treatment of concrete. So much has been 
written and the subject so thoroughly exhausted that your 
committee refrained from attempting its usual report on this 
subject, and requested the President to allot the time required 
for such report to some architect whose training qualified htm to 
properly cope with the subject. 

In the minds of those who have read the Proceedings of the 
recent convention of the American Institute of Architects, there 
cannot remain the slightest doubt that the profession realizes 
that in concrete they have a new means of expression. The 
possibilities of its treatment are so extensive that it would not 
be surprising if it developed even a new style of architecture. 

As ever, your Committee on Art and Architecture is con- 
fronted with the still unsolved problem of what this Associa- 
tion can do to further the artistic development of concrete con- 
struction. We have comparatively few members who are 
architects, the majority being practical cement users and only 
indirectly interested in art. Yet, we must not lose sight of the 
fact that the whole success of the use of concrete for building 
construction, except for * structural purposes, depends upon the 
architect's ability to get artistic results in its employment. 

There is but one line of work which it is possible for your 
committee to pursue, and that is an annual review of the progress 
made in this important phase in the development of concrete. 
In former reports, your committee has attempted such a report 
by the collecting of photographs or designs, for the purpose of 
illustration by stereopticon at the annual convention. It has 
not only been found difficult to get architects and even members 
of the Association to respond to requests for such designs, but 
it has been found that the selection of that work which has 
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particular artistic merit is impossible without the assistance of 
competent judges on art. 

Your chairman has endeavored to devise some means to 
interest architects sufficiently in the work that we are doing so 
that they will respond to our request to send illustrations of 
such work. This Association cannot afford to give prizes for 
designs, but it would seem that if arrangements could be made 
to illustrate in our annual Proceedings a few of the best designs, 
with honorable mention of the architect who made them, that 
the profession would consider it of sufficient honor to warrant 
their going to the trouble of sending in illustrations of their 
work. To accomplish this, it is necessary that some arrangement 
be made to obtain competent judges to pass on the designs 
submitted, to decide which shall be published. 

In view of the above, your committee wishes to make the 
following recommendations : 

(i) That this Association advise all architects that we 
desire photographs of structures in concrete which have par- 
ticular artistic merit. 

(2) That at our annual convention, 50 of the best examples 
submitted shall be shown before the annual convention, honorable 
mention being given to the architect. 

(3) That the best 10 of these 50 designs shall be published 
ii\ the Annual Proceedings. 

(4) That arrangements be made with the American Insti- 
tute of Architects for the appointment of a committee who 
shall judge the above mentioned designs and, in conjunction 
with our committee, outline the conditions under which the 
designs are to be submitted and the classes into which they shall 
be divided. 



CONCRETE FROM THE ARCHITECT'S POINT OF 

VIEW. 

By E. B. Green.* 

The speaker need not tell you that the architect's interest in 
the uses of cement is second only to your own. But while you 
are enabled to give your entire time and thought to cement con- 
struction, his interests are necessarily divided among many 
methods of construction and various materials. 

When you think of the various things that enter into the 
construction of a modern building, of which he must have more 
than a passing knowledge, and to no one of which must he give 
an undue weight, it will appeal to you that the interest which 
he takes in concrete construction must be somewhat less than 
yours. 

He cannot pretend to become an expert in any one method 
of construction, and it therefore gives us pleasure and much 
profit to become acquainted and be surrounded with those who 
devote their efforts and intellectual forces to one or two channels 
in the art of building. 

Architects, as a class, are conservative, and our energies at)d 
thoughts are given to the designing of the form of the structure. 
The carrying out of the work is best left to those equipped for 
that special purpose. We, of course, must be conversant with 
the various methods of fabricating the material in order to de- 
sign the structure properly. 

As yet, our profession rests primarily upon that of fortn, 
scale, and the disposition of mass and voids (which is the design) 
more than on the methods or materials of construction. 

The speaker may say that all architects are looking forward 
to the study of this question with the keenest interest. We have 
become familiar with the structural side, and are constantly urged 
to take up the esthetic side of the use of concrete. It holds forth 
tremendous possibilities, and the day will be a happy one when 
you have devised methods for the use of cement which will make 

• Architect, Buffalo, N. Y. 
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it possible to do away with wood construction in all city buildings. 
Can we realize what it would mean to have all our buildings in 
this city fireproof — the lessening of taxation, to say nothing of 
the danger from fire? 

To tell you the interest which the architects are taking in the 
subject of concrete and reinforced concrete, I will say that 
nearly two days out of the four alloted to the annual meeting of 
the American Institute of Architects were devoted to the dis- 
cussion of concrete, and we had some pretty stirring times and a 
good deal of ripping up the back of old methods, and it did us all 
a lot of good. Still the concensus of opinion at the end seemed 
to be one of uncertainty and caution, — we must be careful. The 
methods are not yet on the same basis as masonry construction 
and the manufacture of steel, for instance. It is difficult, if not 
impossible, to make a test of the work before it is completed, but 
if it were possible to fabricate concrete under known conditions 
and under cover, I think the architects would be still more 
enthusiastic and ready to take the question up on its esthetic 
side. 

The question of weather, the proper mixing of the material 
and of the forms and the reinforcement mean so much that 
under the very best conditions the contractor has a difficult 
problem to get his laborer to do as he directs. 

A report was read at this convention by the chairman of the 
Committee on Applied Arts and Sciences, Mr. Irving K. Pond, 
of Chicago; Messrs. Claude Bragdon, Elmer Grey, Charles Z. 
Klander and Bertram G. Goodhue being on the committee. This 
report defines so well the position of the architect in regard to 
the use of concrete that I have chosen to read it as giving you an 
authorized idea of the architect's standpoint. 

"Although the exact relationship existing between concrete 
and steel reinforcement under a given condition is yet to be 
accurately determined, and the structural use of reinforced con- 
crete is yet to be reduced to an exact science, and although the 
manipulation of concrete and its application to structural uses 
has not as yet become an art, yet the fact that in its use and 
treatment there are immense scientific and esthetic possibilities 
brings the subject of reinforced concrete well within the field 
of study of this committee, especially at this time, when the 
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general topics of steel structure and concrete reinforcement are 
before the Institute for discussion. It is essential throughout 
such discussion to keep clearly in mind the true and abiding 
status of architecture and the architect. The architect is not a 
mechanical fabricator of mathematical diagrams. His highest 
concern is with the ideal, and his first sketch should present an 
idea, an idea which is conceived in beauty. The past has demon- 
strated that architecture as the expression of the ideal can mate- 
rialize in but one or the other of two great manners; that of 
the articulated structure, unit added to unit, and that of the 
plastic mass. The most noble development in the first manner 
is in the architecture of masonry (brick or stone), and this de- 
velopment has reached its logical limit; in no way, except it may 
be in mere size, its least noble attribute, is it to be excelled." 

"And now comes the ghost of what might have been, and 
calls for an incarnation, feeling (if a ghost can feel) that in rein- 
forced concrete science is preparing a way which can be vivified 
with the spirit of art. If this feeling is substantiated, to the arch- 
itect is opened up a new range of possibilities. The architect 
becomes in a sense a sculptor, a molder of monumental mass; 
not the fantastic figure who, at first with sharply msistent blows, 
and then with infinite persuasive tappings, releases the form im- 
prisoned in the block, but a creative constructor, who builds up 
his ideal and shapes it by the irresistible though tender molding 
of mass and form." 

"The masonry-clad steel structure of to-day is an architectural 
anomaly, representing as it does rather a branch of engineering 
than of architecture; and it is doubtful if any treatment of the 
encrusting material, be it brick, stone or terra cotta, can make 
the structure architecturally interesting as compared, for instance, 
with the interest which attaches to a well-designed brick cottage 
or stable even. The steel structure, however, will continue to 
occupy its own domain. But the call of concrete is heard inviting 
architecture to occupy an as yet undeveloped territory." 

"Though the use of concrete goes back into antiquity, plastic 
architecture would seem to be in the veriest infancy, and would 
seem also to be asking the genius of this age to give it perfect 
expression and make it worthy to stand with the architecture of 
the past and the yet-to-come. Though the past be examined 
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for precedent, little will be found. Rome used concrete in bulk 
— but undeniable evidence of a scientific use of the material is 
wanting. Rome employed masonry in bulk — ^but again evidence 
of a scientific use is wanting. Rome applied superficially the arts 
of other times and countries, but of itself left to posterity only 
monuments expressive of a highly tempermental force, breathing 
little or nothing of spirituality. The Spanish missions were built 
with rare feeling for mass and light and shade; but feeling 
swayed and science did not guide. With the science of to-day to 
guide, and the art experience of the past to illumme, into what 
logical, noble and beautiful forms should not concrete shape itself, 
to the end of an enduring, spiritualized architecture." 

"In this study your committee has taken no cognizance of the 
concrete block as a structural possibility, believing that such 
blocks, as well as the terra cotta used in the same manner, are 
mere imitations of stone, and when used after the manner of 
stone, are impossible in the architecture of sentiment, and, like all 
imitations of one material in another, are inimical to art." 

"The possibilities, even the esthetic possibilities, within the 
range of reinforced concrete construction, can hardly be over- 
estimated. Little beyond the introductory chapter has been 
written in the history of reinforced concrete, and every advance 
in the science of its manufacture and use will signal an advance 
along the line of artistic application." 

"Except in well-defined types, designed to serve certain 
well-defined uses, it is impracticable so to carry masonry construc- 
tion beyond and behind the faqade as to result in a homogeneous 
structure — wanting which architecture becomes but a hollow 
sound. The architecture of a reinforced plastic material may 
and logically will express itself throughout the entire structure 
to the remotest core. The unity, the truth, the harmony of 
the whole may in every part be manifested. Therefore, again 
the possibilities inherent in concrete present themselves alluringly 
to the architect to whom the art means as much as does the 
science of building." 

"The architectural brain is not so congested by the weight 
of pregnant thought that at a blow a Minerva shall issue forth 
full fledged and full armed. That is not the history of the evolu- 
tion of an architectural style. It will take time and struggle and 
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developed artistic perceptions in this, as in former cases, to 
reveal the possibilities of beautiful and of monumental design/' 

'*Yet it is possible that in this as in other ages, commercialism, 
itself so devoid of esthetic tendencies, will pave the way to the 
realization of an esthetic ideal. A material which holds in itself 
the qualifications for commercial use will in that very use reveal 
its esthetic possibilities. No material which puts into the hand of 
the architect power to produce permanent mass and form, and add 
the enrichment of light and shade, color and texture, will long be 
ignored when science has made its use commercially possible. It 
would then seemingly remain only for science to demonstrate 
the practical value of reinforced concrete, in respect to its physi- 
cal properties, and art must unfold whatever it holds of beauty." 

"The steel skeleton developed from commercial necessity, 
and to clothe and perfect that skeleton, the architect, naturally, 
used whatever means lay at his command ; stone, brick, terra cotta 
and metal were called into requisition. To clothe the skeleton 
in one or another or all of these materials became a fixed habit 
with the architect. So that when concrete came into use not 
only was it ignored as a possible clothing for steel, but when the 
skeleton of reinforced concrete was set up, it was itself clothed 
after the existing fashion for steel. Such is the fatal force of 
habit! Granting to concrete the qualities ascribed to it, that it is 
fireproof, that it may be rendered moisture proof, that once in 
place, it is not affected by atmospheric and climatic conditions, 
that it can be permanently colored, can be molded and chiseled, 
that it can be formed in place and need not be applied piecemeal 
— what better material could be sought for clothing the steel 
skeleton ? And why the need of any cloak at all to such material, 
when it has been treated with any manner of decency or respect 
by the designer ? So esthetically there would seem to be unlimited 
possibilities in reinforced concrete." 

"Although it has not been its purpose to study that especial 
phase, it seems to your committee that the esthetic possibilities 
inherent in terra cotta and faience as covering materials for the 
steel skeleton have not as yet been in the highest degree realized, 
while, as stated before, concrete as a possible covering has been 
ignored. Simultaneously with their development in the field 
already assigned to them, it is not inconceivable that ornamental 
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terra cotta and tile beautiful in color and texture, and also sculp- 
tured stone, will be called upon to embellish and distinguish, 
though not in any manner to clothe or conceal the concrete 
structure. The presence of these materials may be needed as a 
saving grace in these early days of design in concrete, to save 
the designers from a too brutal conception of the forms they 
deem the material must necessarily take. There is an unfortu- 
nate, though marked, tendency now in what should be a refined 
and restrained domestic architecture to shape concrete, and its 
lath and plaster imitations, into the crude though characteristic 
forms of the old mission work. It is needless to say that these 
forms have no meaning outside of their original environment and 
would not have existed there but for the exigencies of the case — 
the crude nature of the materials procurable and the absence of 
all skilled labor/' 

"But to-day, with art and science co-operating, it would 
seem as though architecture were on the verge of an awakening. 
Commercial architecture with us is beginning to feel the thrill. 
Abroad, monumental architecture as well is showing signs of a 
renewed joy in life and structural concrete, both of itself and em- 
bellished with richer materials, furnishes the new and seemingly 
adequate medium of architectural expression." 



EXPOSED SELECTED AGGREGATES 
IX MONOLITHIC CONCRETE CONSTRUCTION. 

By Albkrt Mover, Assoc. Am. Soc. C. E. 

The writer wishes to bring very prominently to your atten- 
tion the fundamental principles underlying the employment of 
concrete from the standpoint of art, and he wishes it distinctly 
understood that he means by this constructive art. Correct art 
is never dishonest. It is obvious and sincere. To the practiced 
eye that which looks right is right. Concrete employed as an 
imitation is bad art. 

Concrete blocks, such as rock face blocks, which are imita- 
tions of hand-chipped stone, is an imitation of that which is 
already bad art, and therefore is one of the worst forms of very 
bad art. A concrete block should be obviously a concrete block 
and not an imitation of anything. 

The writer's subject, however, is monolithic concrete, which 
embraces reinforced concrete where reinforcing is necessary. 
The whole subject particularly treats of wall construction, either 
for hotels, private residences, school houses, libraries, and such 
other forms of construction as require beauty of finish. If such 
walls are plastered on the surface, they become either an imitation 
of plaster on brick, or if marked off into squares, an imitation of 
stone. The color is usually dead, no sparkle of life, the sur- 
face of the wall is unsympathetic and incorrect from an artistic 
point of view. 

If you employ concrete, let it look like concrete, design it 
for concrete, eliminate all thought of stone, brick, wood, Of 
plaster. Let the wall exclaim to the casual observer, "I am 
solid, strong, substantial, durable and constructed of concrete." 

In discussing this subject, the writer wishes to eliminate from 
your mind all thought of concrete such as you see in retaining 
walls, bridge abutments and other work where this material has 
been employed without reference to an artistic effect, but instead 
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try to picture a concrete made of exposed selected materials, 
a^regales of ditFcrent colored stones. 



SHOWING EFFECT OF EXPOSED SELECTED ACGREGAl 



The aggregates used in producing such effects arc various. 
I To produce one effect two or three different kinds of stones, 
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broken brick and gravel can be used. For another, still different 
aggregates producing different color effects and different texture. 
In the sample (Fig. i) a light-colored limestone was used 
together with some trap rock dust. This concrete is composed 
of one part Portland cement, 3 parts trap rock screenings, all 
passing through a j4-incli mesh graded in size from ^ inch 
down to dust, and 5 parts of light limestone all passing through 
j4-inch mesh, and all collected on a j4-inch mesh. 

In another sample various other aggregates were used. It is 
unfortunate that the pictures do not show the colors, which are 
full of life and very beautiful. 

In still another sample a gravel of light yellow color was used. 
The concrete being composed of one part Portland cement, 3 parts 
light-colored stone screenings and 6 parts gravel pebbles, all of 
which would pass through a ^-inch mesh. 

The concrete is tamped medium wet or can be poured into 
the forms very wet, left in the forms for twenty-four hours, at 
which time, or possibly sooner, the outside board forms are 
taken off. The surface then has the appearance of the ordinary 
dead mouse color concrete, a good deal of the mortar being 
plastered against the forms and showing on the surface. 

This surface, the concrete being "green," is scrubbed with 
an ordinary scrubbing brush, unless the atmospheric conditions 
have caused the surface to become too hard, in which event it is 
scrubbed with a wire brush, similar to those used in cleaning 
boilers. 

After scrubbing over the surface once, water is sprayed on 
through a hose, and the surface is again scrubbed. This exposes 
the larger pieces of aggregate ; in fact, throws them slightly in 
relief, brushes off all the particles of cement not only from the 
surface of the stones, but from the surface of each grain of sand 
composing the mortar, binding together the various aggregates. 
The aggregates are thrown slightly in relief, possibly to the 
extent of 1/16 or 3^ of an inch, for in scrubbing, the mortar 
necessarily is not only taken away from the surface of the con- 
crete, but the brush will dig back into the mortar to a slight ex- 
tent. This gives a rough surface of accidentally distributed 
various colored stones in sizes ranging from ^ inch down to par- 
ticles the size of sand. This causes the mortar to sparkle as each 
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grain of sand is exposed, and each stone to sparkle with its nat- 
ural beauty, making the whole surface alive with purpose and color. 

Should this surface become stained by placing course upon 
course as the wall is erected, wash the wall off with water 
played on the surface by means of a hose each night as the 
day's work is completed, and after the wall is completed to the 
top, go over the whole surface with i part commercial muriatic 
acid and 4 to 6 parts water, applying this solution of muriatic 
acid with an ordinary white wash brush, having very little ex- 
posed metal. Leave the acid on the walls fifteen minutes to half 
an hour, after which wash off with a hose, and in places where 
the stains are most noticeable scrub the surface with an ordinary 
scrubbing brush. This will cause the wall to be as full of life as 
was the natural stone from which the wall was made. The bene- 
fits to art derived by the use of such concrete are manifold. 

The concrete which the writer has tried to describe, com- 
posed of exposed selected aggregates, is to the casual observer 
obviously concrete, any one can see at a glance that the whole 
structure is honest. Therefore, we have devised a concrete which 
complies with all the fundamental principles and laws of good 
art, and is only limited in effect to the available materials in the 
locality in which the structure is to be erected. 

The writer is firmly of the belief that this treatment of 
concrete will be the means of developing an original style of 
American architecture. Simplicity almost primitive is the key- 
note of successful concrete design. Exposed selected aggregates 
will very materially assist in such development. 

We are all aware that concrete was used by the Romans 
and the Saracenic races. The writer had the pleasure of exam- 
ining quite a considerable amount of this concrete last year in 
Southern Spain, Morocco and Italy, but nowhere could he find 
where concrete had been treated artistically. It is usually in 
mass construction ; large battlement walls, 14 feet thick, or as a 
filler between courses of stone or brick. The present concrete is 
vastly different. 

The writer uses the Spanish Moorish, the Court of Lions, 
Alhambra, Grenada, Spain, as an illustration particularly, be- 
cause various colored tiles are employed for decoration of the 
exterior, and the red tile is used for the roof. This is about all 
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that is similar between a house of original concrete design and 
the Spanish-Moorish. 



4 EXAMPLE OF SPANISH-HOCnUSB 



We, however, cannot attempt to discard precedent. The 
development of any style of decoration, art, music, sculpture or 
literature must necessarily be through the process of evolution. 
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This, however, does not interfere with our developing through 
the process of evolution an original American architecture, pro- 
vided we treat our material sincerely and honestly. 

The picture of the Spanish-Moorish architecture shown in 
Fig. 2 was original with the Moors. This style was developed 
within a period of 250 years. Some students can find very little 
precedent. Nevertheless it was an evolution. It was developed 
from the fact that they were composed of tribes of tent dwellers, 
who finally congregated into cities, and changed their dwellings 
from the canvas to houses built of stone and brick. 

The tent of Alexander the Great, obtained from the Arabs 
or Moors, was made of 50 golden poles, carrying a roof of woven 
gold. The various apartments were separated by hangings em- 
broidered in scarlet and white. This tent was even exceeded in 
beauty by one belonging to an Egyptian King, which was covered 
with golden eagles. The floors were covered with handsome 
rug^, the walls were hung with embroidered tapestries. The 
tent dwellers from the earliest time made use of hangings and 
floor coverings of great interest and beauty. 

Thus the Moors in Southern Spain developed an original 
style of architecture which was not a copy. This is not Saracenic 
as is often claimed. In the Mosque at Cordova there is a won- 
derful forest of 1,240 slender columns of marble or jasper. Arch 
upon arch connect these pillars with the roof. The arches and 
walls are covered with decoration carved like lace work, either of 
plaster or solid stone, a perfect riot of color. The floors are of 
marble mosaic in rich geometrical designs. Decorative tiles were 
often employed on walls as a wainscoting. 

They were a race which laughed and danced in the face of 
trouble, people of magnificent contrasts, the expression of their 
character is found very prominently in their architecture and 
decoration. The slender pillars of stone are the tent poles; the 
beautiful lace-like carvings decorated with various colors covering 
the walls, are the embroidered tapestries ; the pendants in plaster 
and the various colored arabesques and carved wood found on 
the ceilings are the pendant hangings. The richly decorated 
mosaic floors arc the rugs. Thus we have an original architec- 
ture, not without precedent, but the precedent was not found in 
stone or brick, and the stone construction was not a counterfeit 
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or Imitation of canvas. It was a development from canvas to 
stone, and they were occupied in this development less than 250 
years. 

The time is certainly ripe for the development of American 
architecture from wood to concrete. 

There can be no question but that the forests of North 
America will be depleted as far as economical and commercial 
purposes are concerned within the next twenty -five years. 



t'lG. 3. — CUNCRKTE HOUSE WITH RXPUSSU SELECTED ACGREGATES. 

Wilhiii that period a residence built of wood will be as great a 
curiosity in this country as it is to-day in Spain, Southern France 
and Italy. Concrete is the lumber of the future. 

The difTerence between the stucco finish, also mortar-faced 
concrete and exposed selected aggre^tes, is that the stucco 
finish, even though scrubbed or treated with acid, would present 
to the eye too fine a grain for the large space of wall. This 
fine grain surface, even though of good color, becomes monoto- 
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nous. Some will say that the finished block of granite shows 
a fine grain surface which is beautiful, forgetting that when set 
in a wall the surface of the wall is from convenience and neces- 
sity broken by the mortar joints. The surface of exposed selected 
aggregates gives a "basso relievo" effect, and their accidental, 
therefore natural, distribution not only avoids monotony, but 
brings about extreme beauty. 

The development of an original American architecture from 
the employment of artistic concrete will certainly be of consid- 
erable advantage and benefit to the entire industry, and open up 
a new architectural era. 

These ideas have been carried out in a residence designed 
by Tracy & Swartwout, architects. New York, built on Ridge- 
wood Road, South Orange, N. J. The writer wishes to use this 
residence not only as an illustration of the fact that original 
American architecture is possible, but that exposed selected ag- 
gregates furnish the basis for successful concrete design. 

The house is designed to accord with the natural surround- 
ings and expresses the material employed. It is not a copy and 
is entirely original. People viewing this house, those not trained 
in architecture and art, invariably exclaim that it is either Span- 
ish or Moorish. It is not, it is American. 

The aggregates used in the house on Ridgewood Road are 
composed of i part Portland cement, 3 parts lime-stone and 
marble screenings, about the size of sand, 5 parts ^-inch trap 
rock (a dark colored stone), and 5 parts of i inch white marble 
chips. This surface was scrubbed, as previously described. 
After the walls were completed, it was washed down with diluted 
muriatic acid. 

Such concrete is the reverse of that at present in general 
use. Instead of plastering the surface with mortar, all the mor- 
tar is removed from the surface, exposing to view honest con- 
crete. It is not strange when we arrive at simplicity and correct 
method not only is art obtained, but future trouble eliminated. 

We will divert from the subject of art for a few moments 
and note some of the structural features. 

The walls above the first floor beams were lined with porous 
hollow 2-inch terra cotta furring or partition blocks. These 
blocks were set inside the forms of moulds similar to laying 
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brick, an ordinary day laborer doing the work. The concrete 
was tamped in between the outside forms and the terra cotta 
blocks. These porotts terra cotta blocks were previously thor- 
oughly soaked with water. It was found that the blocks bonded 
perfectly to the concrete, and could not be torn loose in any 
pla«. 

I'o avoid any possibility of dampness, these blocks were 
water-proofed on the exposed surface with two coats of a 
water-proofing paint, which not only clings with a perfect bond to 



Fir.. 4. — WALL LINED wrtH TERRA COTT.\ BLOCKS. 

the porous terra cotta blocks, but the plaster for the inside of 
the house hangs to this water-proof paint far better than to any 
lath which has as yet been devised. This furnishes a wall which 
is solid and substantial, warm in winter, cool in summer, damp- 
proof, and eliminates all possibility of condensation from the 
inside. 

This wall was reinforced where necessary, particularly over 
windows, and in addition four horizontal courses of J4"'"ch wire 
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. 5. — riREPLACE ON FORCH, 
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calile were imbedded in the concrete, running all around the 
Iniilding, tying the walls i>erfectly together, acting as a reinforce- 
ment against temperature stresses and making the house prac- 
tically earthquake proof. 

The selected aggregates used composed all of the concrete. 
They were not put against the outside forms by hand, but were 
mixed all through the concrete, thus giving an accidental distri- 
bution of white and dark particles far more beautiful than if the 
arrangement of the particles was deliberate. 



The South Porch with its square pillars and plain caps 
ornamented with hand-made various colored tiles glazed and 
unglazed is noteworthy. ' This is an excellent example of the 
primitive which the writer believes is the thought which should 
be behind American architecture. The roof of this porch is a 
6-inch slab reinforced with bars and expanded metal. This porch 
will be enclosed in glass in winter and screens in summer. 

The fire place on this porch, which is shown in Fig. 5, 
was built up with the wall, and is another excellent example of 
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concrete design and originality. It was afterwards decorated 
with tile mosaic of the "Indian Making Fire," which was de- 
signed by Mr. Henry C. Mercer, This pattern, which is 20 inches 
in diameter, consists of pieces of clay burned in many colors 
superficially or throughout the body and unglazed. The tesserae 
are not rectangular as in Roman or Byzantine mosaics, but are 
cut in multi-form shapes to suit the potter's process, and whose 
contours themselves help to delineate the design. 



nc. 7.— FRONT BAUCONY OF HOUSE. 

The roof is dull red Japanese pan tile, the tile being taken 
from the run of the kiln, so that there are colors accidentally 
distributed throughout the whole roof ranging from dark purple 
to salmon color, the general eflfect being a dull red. 

Beams supporting the roof were tied to the walls by bolls set 
upright in the concrete. The same method was used in tying 
the floor beams and girders to the wall so that no "battering ram" 
action would take place in case of earthquake. 
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;. 8.— fANEL IN (JUTSID^ WAUi. 
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The floor beams or joists were not set in the concrete, but 
rested on and spiked to 4 x 4-inch scantlings fastened to the con- 
crete by means of bolts set every 15 inches, these bolts being 
firmly anchored in the concrete. This method at first glance was 
open to criticism on account of the shrinkage of the wood, but 
on further thought the shrinkage could not be as much as the 
pressure of the nut against the wood, they having been screwed 
very tight. 

The front balcony is another excellent illustration of con- 
crete design, employed as a plastic material. This balcony is 
decorated with primitive burned tiles of pastel or earth shades. 
The model for this balcony was first carved in clay 34 -inch scale. 

Decoration and color of the outside walls were provided for 
by panels of these various colored clay tiles and mosaics, glazed 
and unglazed. Size of the panels and their distribution were 
from drawings furnished by the architect. When the forms for 
the concrete walls were taken down, board negatives, which had 
previously been placed to conform to the design of the panels, 
were left in the wall until it had been thoroughly scrubbed. 
They were afterwards removed, thus leaving a i-inch recess, 
in which hand-made tiles were placed, they being' set in mortar 
sometimes light color, sometimes darkened. As Mr. Henry C. 
Mercer aptly expresses it, "I paint my patterns with clay paint, 
but I draw my outlines with your cement." Each panel pro- 
duced most artistic results, artd forms a very handsome combina- 
tion with the color and texture of the concrete surface. 

The color effect produced is glorious, and yet unobstrusive, 
being- of earth color and pastel shades of a very primitive nature. 

It is a true, artistic, picturesque, monolithic concrete house. 
All nature makes friends with plain, solid, substantial and honest 
construction. It harmonizes with the trees and landscape, even 
the mosses, vines and birds were attracted to it. With no strain- 
ing for oddity, simply to be original, this house can well be said 
to be unique in this country ; an expression of the material used. 
It is simple and dignified, the countenance is full of expression 
and alive with purpose. A feeling is produced of strength and 
repose ; certainly an excellent illustration of the possibilities of 
concrete, and successful concrete design, which is made possible 
through the use of Exposed Selected Aggregates. 



REINFORCED CONCRETE 
FROM THE CONTRACTORS' POINT OF MEW. 

By H. H. Fox.* 

The general problem before the contractor in reinforced 
concrete is to make the best possible reinforced concrete at the 
least possible cost. The first part of this discussion will deal 
with methods to be followed and precautions to be observed in 
order to attain excellence of workmanship; the second part, 
with methods to be followed in order to attain this excellence 
cheaply. 

To make the best possible reinforced concrete, it is necessary : 

1. That the form should be strongly built, smoothly finished, 
and as nearly as possible watertight, and should be left in plaoe 
until the concrete is self-supporting. 

2. That the reinforcement should he designed to relieve the 
concrete of all stresses which concrete cannot safely withstand, 
and to be amply protected from fire and weather by concrete on 
all sides; that the reinforcement should be so securely fixed in 
place before concreting that the concreting will not disturb it. 

3. That the concrete should be mixed and placed in such a 
way that the final product will be homogeneous and without voids. 

First. — Forms should be built of matched and dressed lumber 
and should be greased, to make them part easily from the 
concrete. Their construction will be described in some detail 
in the second half of this paper. The length of time which 
should be allowed to elapse before removing forms depends 
upon two factors — the weather, and the load to which the member 
in question will be subjected upon removal of the forms. The 
fact that concrete sets more rapidly the warmer the weather 
needs no elaboration. It is, however, never out of place to 
utter a warning against taking risks with concrete in cold 
weather. I suggest that very valuable information might be 
obtained from compressive tests on a series of concrete blocks, 

,• Superintendent, Turner Construction Co., New York. 
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No. I being kept at a temperature of 30° for one month after 
making, and being then tested; No. 2 at 35° ; No. 3 at 40°, etc. 
Scratching concrete with a knife gives one a rough idea of its 
strength, providing one scratches often enough to become 
thoroughly familiar with the behavior of concrete under the 
knife. With regard to the second factor influencing the time 
which should elapse before removing forms, it may be said in 
general that the nearer the load to be sustained approaches the 
load for which the member was designed, the longer the forms 
must remain. Thus, the forms for an overhanging cornice 
should remain in place longer than the forms for almost any 
other member, because the dead weight of the cornice is a very 
large percentage of the total weight which it is designed to 
carry. By a similar reasoning, the roof forms should remain 
longer than floor forms; floor forms longer than column forms, 
column forms in an upper story longer than column forms in a 
lower story, and column forms in general longer than footing 
forms. 

It is very important that forms should be so designed that 
the column forms may be removed without in any way dis- 
turbing the supports of the beams and girders bearing on these 
columns. In this way, a defect in a column may be detected 
and remedied before any load is brought to bear upon the 
column. In removing beam and girder forms, the posts should 
be removed from only one beam or girder at a time, and as soon 
as the form for this beam or girder is removed, the posts should 
be immediately replaced. By this procedure, danger of failure 
of concrete through poor workmanship is much diminished, 
as a defective member is supported by the members on either 
side of it imtil the defect may be remedied. The practice of 
removing all the posts under a floor at the end of a given 
period — one, two or three weeks — without pausing to remove 
the forms one at a time, examine the workmanship, and replace 
the posts, cannot be too strongly condemned, both because of 
the possibility of defective workmanship and because the concrete 
floor, even if not defective, may not be strong enough to carry, 
in addition to its own weight, the weight of one or two floors 
which mav. bv the time the forms are removed, have been con- 
structed above it. 
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There is less danger in taking down column forms when 
the concrete is thirty-six hours old and floor forms when the 
concrete is five days old if the posts of each member are removed 
separately and as soon as possible replaced, than there is in 
knocking out all the posts under a large piece of floor in three 
weeks. Legislators who frame laws aiming at safety in concrete 
construction, should bear this in mind. 

It is of the first importance that the loreman in charge of 
removing forms should be of a high order of intelligence and a 
man who can be relied upon to obey orders literally, for the 
reason that a mistake on his part is more likely to cause damage 
to life and property than a mistake on the part of any other 
foreman. 
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FIG. I. — TYPKS 01' BENT BARS. 

Second. — Reinforcement should be designed to take all 
tensile stresses which occur in a reinforced concrete structure. 
Whether reinforcement shall carry shearing or compressive 
stresses depends upon the conditions in each particular case. 

Tensile stresses occur horizontally in the bottom of beams, 
and, in the case of continuous beams, in the top of the beams 
over their supports. They occur diagonally in every part of a 
beam except the top and bottom. The horizontal tensile stresses 
are taken by horizontal bars. The diagonal tensile stresses 
are best taken — as most authorities are now agreed — by diagonal 
bars. As the horizontal tension is less at the end of the beam 



Fox ON Reinforced Concrete. 



265 



than in the center, it is obvious that if there are two or more 
bars in a beam, one of the bars which takes the horizontal stress 
at the middle of the beam may be deflected to take the diagonal 
tension near the ends of the beam, and in the case of continuous 
beams, the horizontal tension over the supports. Thus are 
developed the familiar bent bars now in common use (Fig. i). 

Shearing stresses occur chiefly near the supports of beams. 
The vertical shear is generally taken partly in the concrete, 
partly by the tension bars which run over the support. Hori- 
zontal shear is taken partly by the concrete, partly by the diagonal 
tension bars, and partly by stirrups. 
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FIG. 2. — TYPICAL METHODS OF SUPPORTING RODS IN FORMS. 



Compressive stresses occur chiefly in the top beams and in 
columns. Compression in beams is almost always taken by the 
concrete alone. Compression in columns is taken partly by the 
concrete, partly by vertical steel bars. Vertical compression 
in columns induces a horizontal tension or bursting stress. ^ 
Concrete is so weak in tension that a concrete column without 
reinforcement usually fails in tension, either by bursting or by 
buckling. The tendency to buckle is best resisted by vertical 
steel bars; the tendency to burst, by steel hoops or a steel spiral 
near the surface of the column. 

Fig. 2 shows a method of holding steel in place in a 
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typical beam containing three tension bars. Note that the 
stirrups touch the forms only in two points and are, therefore, 
well protected against fire. The stirrups should not be relied 
upon to support the tension bar in place, but hangers should 
be used. As these hangers are of no further value after the 
concrete is in place, the fact that they are supported directly 
on the forms, and are thus not fireproofed, is of no importance. 
The middle portion of tension bars in beams and girders is thus 
held in place by hangers; the ends are held in place by being 
laced with wire to one another and to the vertical reinforcement 
in the columns. The bars in the floor slab are supported off 
the forms as follows : In order to obtain continuous action over 
beams, every alternate tension bar in the floor slab is sprung 
up where it crosses a beam, being supported at the edge of each 
beam by a short piece of band iron about lyi inches narrower 
than the thickness of the floor slab and bent to an angle of about 
60°, so that it will stand on edge by itself. In the middle of 
each span a bar runs at right angles to the tension bars, on top 
of the tension bars, and is held at any desired distance above 
the floor by staples into the floor cover and by the lifting 
tendency of the tension bars which are sprung over the beams. 
The other tension bars are then raised from the floor by lacing 
them with wire to this central bar. 

To insure fireproofing in columns, four sticks are used in 
tamping the concrete columns, and these sticks are run down 
one on each side of the column between the hoop or spiral 
reinforcement and the form, thus insuring an amount of fire- 
proofing equal at least to the thickness of the stick. The vertical 
reinforcement is placed inside the hoop or spiral reinforcement. 

Commercial methods of bending steel to the shapes above 
mentioned will be considered in the second half of this paper. 

Third. — How to mix concrete well, by hand or by machine, 
needs no discussion. How to place it well is another matter. 
In the case of floors, the trick is simple. Concrete should not, 
unless it is absolutely necessary, be dumped from a wheelbarrow 
directly against the form, but should be dumped on the soft 
concrete already in place. The mortar, flowing more freely than 
the stone, keeps always ahead of the mass, and stones falling 
in this mortar find a perfect bed, whereas if a barrow full of 
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concrete is dumped into a dry beam, the stones may become 
jammed between the forms and the steel, and form a pocket into 
which the mortar will not enter, 

A few years ago I visited a very large concrete job, on which 
the old-fashioned specifications were in force — that concrete 
must be placed in thin layers. Nobody on the job seemed to 
know the trick of placing concrete properly, and consequently 
the contractor, in order to obtain smooth workmanship, was 
placing an inch or two of clear mortar in the bottom of all beams 
and girders before filling them with concrete. The expense 
entailed by this may be imagined. 

The place to dump the first barrow of concrete, when 
starting a piece of floor, is either on the floor slab or in a column. 
Fig. 3 illustrates the action of concrete in a. beam being 
filled. It also illustrates a condition in which a beam should not 
be left for any length of time. As long as the mass is kept 
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FIG. 3. — ^B^HAVIOR OF CONCRETE DURING POURING. 



moving, it will be homogeneous ; but if it is allowed to set in this 
shape, two evil results will follow. First, the cement and water, 
the most fluid part of the mass, will flow forward, leaving behind 
a layer consisting chiefly of sand, with which the concrete 
subsequently placed will not mix, and which has very little value 
as fireproofing; second, the scum which rises to the surface of 
wet concrete, containing- as it does the finest dust present in 
the sand and stone, sets with a very smooth, glassy surface, to 
which fresh concrete will not adhere. This joint, therefore, if 
work is stopped on it long enough to allow the scum to harden, 
will be very weak in shear and tension. 

Fig. 4 shows one way of designing a beam on the outside 
of a building to make water-tight the joint between the beam 
and the wall resting on it and between the beam and the window 
beneath it. 
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In concreting columns, it is necessary to proceed slowly at 
the bottom of the column and to tamp the first foot with great 
care. After the mortar flushes to the surface over the entire 
section of the column, there is little danger of voids being left 
in the part of the column above the first foot, if a sufficiently wet 
mixture is used. Walls should be similarly handled. 

Economical methods of handling forms, steel and concrete 
will now be considered. 

Fig. 5 shows sections of two typical column forms. 
The interior column is octagonal, partly for architectural rea- 
sons, partly to save concrete. This saving is due to the fact 
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no. 4. — DESIGN OF BEAM OUTSIDE OF BUILDING. 

that in a column reinforced with a spiral, the concrete outside 
the spiral is not figured as adding compressive strength to the 
column, and therefore, if this column is square, the concrete 
in its four comers is wasted. Of course, the question arises 
whether the concrete saved pays for the additional carpenter 
work. As a rule, the two items almost counterbalance each 
other, so that the matter of appearance is more important than 
the matter of economy. 

These two sides of the columns are held together, as shown, 
by bolts; the two opposite sides, by hard-wood wedges between 
the bolt and the form, as close as possible to the end of the bolt. 
It will be noticed that in some cases the sides are made up of 
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narrow strips. This is to facilitate the reduction in size of the 
columns from floor to floor. In warm weather there is no need 
of having more column forms than one complete set for one 
story, even when work is progressing at the rate of a story in 
five or six days. In a ten-story building, each column form is 
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FIG. 5. — TYPICAL COLUMN FORMS. 




then used ten times, once in each story. Each of these narrow 
strips represents the reduction in diameter of the column from 
one story to the next. It is, of course, much cheaper to have 
these strips ripped beforehand in the mill than to have a carpenter 
rip off a strip for each successive story. The outside and inside 
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of the exterior column forms are not made up. of narrow strips, 
for the reason that exterior columns are usually the same width 
from basement to roof. To reduce the section of an exterior 
column, only the thickness is reduced. 

Fig. 6 shows the section of a typical floor. Note the 
method of supporting this member, the "girder bottom," on the 
horizontal clamps of the column form, and of supporting the 
beam forms on the girder bottom Thus, all the forms for a 
floor may be erected before any posts are put in. At any time 
after the beams are in place, the posts are put in and wedged 
up without any lateral bracing whatever. By this method, time 
and labor are save<l. If 2-inch lumber is used for beams, the 
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FIG. 6.— SECTION OF TYPICAL FLOOR. 



beams must be at least 2 inches shallower than the girders, in 
order to allow the beam forms to be supported by the girder 
bottom. 

This wedge-shaped piece is a **key" inserted to facilitate 
removal of forms. The flat cover or panel which supports the 
floor slab is better than the box-shaped type, for the reason that 
any slight errors in line are taken up at the junction between 
cover and beam side, and a slight variation in this dimension is 
not conspicuous. 

In removing forms, the column forms are first removed. 
As has been said, the details about the tops of column forms 
should be so designed that they may be removed without in any 
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way disturbing the beam and girder forms. Next, the posts 
are taken from under the girder. The girder bottom then drops, 
and the posts are immediately replaced. The nails are drawn 
from the key, which is nailed only to the girder side; the key 
is knocked out, the posts are taken from under the beam, the 
so-called "spreaders" are knocked from under the cover, and 
the beam form comes down in one piece. The girder sides, 
which are beveled at the ends, come out easily, as does also the 
cover, which is beveled on all four edges. 

A circular saw will effect economy in a building of moderate 
size, especially if the same engine or motor may be used to run 
the saw and other machines, such as a boring machine, a steel 
hoist, a grindstone, or a shear. 

In warm weather, with a complete set of forms for one 
story, a speed of construction of one story in eight or nine 
working days may be attained. With one complete set of column 
forms and a set and a half of floor forms, a speed of a story a 
week m^y be attained. The size of the building in plan makes 
very little difference. 

In the discussion of methods of handling steel, the first 
question is to what extent shall machinery be used in bending 
bars. At the present day, there is, so far as I know, no machine 
which bends tension bars for beams and girders as economically 
as they can be bent by hand. For one thing, the cost of 
handling the bars to and from the place of bending is a very large 
percentage of the cost of bending, and this cost would remain 
the same in either case. The decisive reason is, however, that 
the variety of possible shapes of bent bars is infinite, the number 
of different shapes required in one building is very large, and 
a machine to be efficient would have to be capable of rapid 
adjustment from one shape to another, and consequently 
complicated. 

A machine can be made to bend stirrups and hangers eco- 
nomically, as they are light and of smaller variety than tension 
bars. 

In making spirals, two processes are involved: First, bend- 
ing the steel, which is usually in the form of wire, to the required 
diameter; second, spacing the coils to the required pitch and 
fastening them so rigidly to longitudinal bars that this pitch 
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will not be disturbed in handling. The first process is accom- 
plished more economical! v bv machine, the second usuallv bv 
hand. 

Fig. 7 shows a simple cast-iron block for bending beam 
and girder bars. The block is attached rigidly in a horizontal 
position to a bench, the bar is dropped in the slot, a piece of 
extra heavy pipe is slipped over the end of the bar, and two or 
three men bend it to the required angle. This bending block 
may be made of an iron plate, with two angles riveted to it, 
back to back, to form the slot. 

Stirrups, when bent by hand, are bent on such a plate, the 
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FIG. 7. — CAST IRON BU>CK FOR BENDING RKIN FORCING BARS. 

angles, of course, being small and only far enough apart to 
admit a bar of the size used for stirrups. A plate for bending 
stirrups may be made small enough to slip into the pocket. 

Spirals are made up on a simple wooden reel, the requisites 
of this reel being that it should be rigid, adjustable for different 
diameters, and collapsible, to allow the finished spiral to be 
easily slipped off. 

The question whether power other than hand-power should 
be used to hoist the reinforcement to the floors where it is to 
be used depends upon the height of the building, the quantity 
of steel on each floor, the rate of progress, and the prevailing 
rate of engineers* wages. In New York City, the wages of an 
engineer for one day will pay for a good deal of hoisting by 
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hand, and it may be roughly stated that when the rate of hoisting 
is less than one foot-ton per minute, nothing is gained by 
installing special machinery for hoisting. In case the job is 
large enough to warrant installing a power hoist, a convenient 
form of derrick is shown in Fig. 8. It is, of course, necessary 
to have steel on a floor before concrete, therefore, the necessity 
of having a derrick light enough to be attached to the forms 
before they are filled is apparent. The strain of the fall-rope 
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FIG. 8. — CONVENIENT FORM OF DERKICK. 



on the derrick pulls the column out of plumb less than an inch, 
and this displacement is easily recovered with a guy-rope and 
turn buckle before concreting. 

Fig. 9 shows a typical lay-out of concrete mixer and 
plant. You will note that no hopper is shown fdf charging the 
mixer. The question whether or not a charging hopper shall 
be used depends on several things. Unless it is possible to 
set the mixer several feet lower than the storage of sand and 
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stone, some kind of hoist must be arranged to fill the hopper. 
This means additional machinery and generally the wages of an 
additional engineer. In New York City, one of the obstacles 
to setting a mixer much lower than the storage piles is tidewater. 
Basement floors in New York are often laid as near tide level 
as possible. During the construction of a building, the basement 
is used for storage of sand and stone, and in order to set the mixer 
much lower than the basement floor, an expensive water-proof pit 




FIG. 9. — LAYOUT OF CONCRETE PLANT. 



must be constructed. A charging hopper, of course, makes it 
possible to charge the mixer more rapidly, but the fact should 
be borne in mind that no time is saved by charging the mixer 
more rapidly than the concrete can be taken away, up on the 
floor. The mixer should be set so low that the wheelbarrows 
run on a level grade or slightly down-grade in feeding the mixer. 
In the case here shown, the mixer is driven from the shaft 
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of the hoist, and this shaft from the motor. Fig. 10 shows the 
side view of the frame work in which the bucket runs. 

The question of how large a mixer to install depends upon 
the rate at which" concrete is to be used. Without a charging 
hopper, an ordinary mixing plant will turn out easily 40 batches 
per hour, and may be made to turn out 60 batches if the hoist 
is designed to take it away as fast as that. In laying out a 
schedule for concreting, attention should be given to the fact 
that speed makes for economy, for the reason that there are 
several special men in a concrete gang whose wages remain 
the same, regardless of the amount of concrete placed. These 
are an engineer, a foreman, and at least three laborers, namely, 
one throwing water into the mixer, one dumping the mixer. 




FIG. 10. — SIDE VIEW OF FRAMEWORK FOR BUCKET. 



and one loading the wheelbarrows up on the floor. The sum 
of their wages, at New York rates, is $16.60 per day. If 80 yards 
are mixed in a day, these men add to the cost of mixing about 
20 cents per yard ; if 160 yards are mixed, they add only 10 cents 
per yard. 

With regard to plant in general, it may be said that many 
contractors make the mistake of installing more machinery than 
is warranted by the quantity of material to be handled by this 
machinery. For example, on a piece of concrete work containing 
about 1,500 cubic yards of concrete, which I once visited, $10,000 
had been spent on plant before a yard of concrete was mixed. 
At least $8,000 of that was wasted, for, although the unit costs 
may have been made less than they would have been if more 
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primitive methods had been employed, the total costs, including 
the cost of installation, were much greater. The machinery did 
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not have enough to do to pay for itself. To determine correctly 
the kind and quantity of machinery to use, a contractor must 
have both good judgment and a thorough knowledge of costs. 



DISCUSSION. 



A Member. — Mr. Fox spoke of casting a piece over fifty- 
three feet long at one time. I would like to ask what provision, 
if any, was made for tamping? 

Mr. H. Fox. — Walls are tamped in two ways; either by 
stirring the concrete up with sticks placed down in the forms, 
or by hammering the forms with a wooden hammer. A great 
many walls are tamped without thrusting sticks down inside of 
the form at all. 

Mr. E. S. Larnkd. — What practice do you follow in the 
treatment of exterior surfaces, using La Farge cement? 

Mr. Fox. — La Farge cement and sand are mixed in equal 
proportions to the consistency of rather thick cream. The wall 
is brushed with water before the La Farge is applied. 

Mr. C. D. Watson. — In the case of the marble coming out 
during the treatment of the surfaces, what kind of marble, size 
and proportions, were used, and at what age was the attempt 
to finish made? 

Mr. Fox. — I am not familiar with the kind and proportions 
of marble used, but I understand that the age of the wall was 
at least six months when it was tooled. 

Mr. W. H. Ham. — In a high building, were the columns 
cast separately or cast together with the beams and girders? 

Mr. Fox. — ^The columns were cast at least the day before 
or earlier, but never on the same day as the beams and girders. 

Mr. Ham. — I would like to ask an expression of opinion 
from Mr. Fox as to the advisability of casting columns, beams 
and girders with the same pouring. If they were all cast together, 
would the settlement of concrete be at the top of the floor rather 
than at the junction? 

Mr. Fox. — I think that about one hour between should be 
ample time. I think that practically all the settlement in a con- 
crete column takes place within the one hour, and after that it 
is perfectly safe to put on a floor. 

I think the settlement comes on the top of the floor, but 

(280) 
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I have not seen any cracks between the column and the bottom 
of the girder due to such settlement. 

We invariably stop a day's work in the middle of a span, 
because when the floor is uniformly loaded there will be no 
shear at the middle of the span. Where the floor is not uniformly 
loaded we consider that the tension bars are able to take care 
of any shearing. We believe that by stopping work at any other 
point we lose valuable qualities. For instance, if we stop over 
a beam or girder, on a line parallel to the girder, we lose the 
value of the floor slfib as part of the compression member of the 
girder. 

Mr. Emile G. Perrot. — I have put up buildings of re- 
enforced concrete for six years and have never greased the forms. 
Why do you go to trouble of greasing the forms? Will there 
not be difiiculty in having the plastering adhere to the concrete ? 

Mr. Fox. — We use our forms a great many times, ten and 
more. We find the concrete sticks to them even if we grease them ; 
and I suppose it would stick to them even more if we did not 
grease them. When we plaster we always chip the surface of the 
concrete to secure adhesion. 

Mr. Wai^ter F. Ballinger. — I understand some of the 
buildings illustrated were put up at the rate of about a story a 
week, and in one building at the rate of a story every four and 
one-half days. This was not done from one set of forms, was it ? 
How soon were the forms removed after the casting was done? 

Mr. Fox. — Two sets of forms were used, and in the case 
of the columns, removed in thirty-six hours, and the floors in 
five days. 

Mr. Ballinger. — What proportions of cement, sand and 
stone were used ? Did you provide support immediately under the 
beams and girders after removing the forms? 

Mr. Fox. — The proportions were 1:3:5 in the case of the 
floors, and 1:2: 3 J^ of the columns. 

We never left more than one beam or girder unsupported at 
any one time and kept the supports in place at least ten days 
from the time the floor was completed. That was during the 
middle of the summer, from May to August. 

A Member. — What method did you pursue in removing the 
forms? 
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Mr. Fox. — Well, the matter of expense comes in there. It 
is much cheaper to take the beam form down in one piece and 
put it up on the next floor without altering it in any way than it 
is to take the sides off and build the form over again. We 
nail the beam form together, and use no clamps unless the beam 
is at least twenty inches deep. 

Mr. Fred K. Irvine. — Mr. Fox mentioned a treatment with 
surface tooling. I want to ask if the tooling consists of making 
what the stone masons call ten, twelve, or eight cut face. I 
presume that the forms are removed from ihe concrete surface 
and a scaffolding is put up so that the workman can stand upon 
it with his pick and hammer and pick up the surface, making 
ten or eight or six cuts to the inch. Is the surface cut along 
horizontal lines to give it a pointed effect ? What does it look like 
from the standpoint of a stone-cutter? 

Mr. Fox. — I don't know the exact procedure followed, 
there were no specified number of cuts per inch. 

Mr. Irvine. — Did you use a point or hammer having a series 
of long points fixed with the blade ? 

Mr. Fox. — Sometimes we used a hammer with points in an 
irregular form, and at other times a single pointed hammer. 

Mr. Irvine. — When using a single pointed hammer, was the 
workman instructed to make so many cuts to the inch? 

Mr. Fox. — Xo. The concrete comes off so irregularly that it 
is not ix)ssible to do anything like that with concrete as with stone. 

Mr. E. S. Larned. — I would like to ask Mr. Fox if he 
regards it as good practice to attempt to cast a column thirty- 
two feet long in one pouring. In practical operation, is it possible 
to control with such a degree of certainty that you feel perfectly 
safe? 

Mr. Fox. — Yes, I know of no objection to it. It is necessary 
to be careful that the mixture is not too wet.. I should not 
allow the foreman to fill columns of that sort without having 
the superintendent near him. 

Mr. Larned. — Are the forms perfectly solid in the case of 
columns, and are they built up from the bottom to the top? 

Mr. Fox. — The forms are entirely complete before the con- 
crete is poured. 
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Mr. Larned. — I have made experiments on the influence of 
a wet mixture which indicate that if the concrete be churned, 
spaded or tamped, the cement is floated to such an extent that 
the bottom layers are considerably weakened. 

I would assume, of course, that the strength of a column 
is particularly required near the bottom. In the column tests 
that have come to my attention, failures have occurred almost 
always near the base of the column. I would regard it myself as 
a very dangerous proceeding to attempt to cast a column of that 
length from the top, particularly in the presence of intricate 
reinforcement, which necessitates the use of a very wet mixture, 
unless proportions as rich as i cement, ij4 sand and 3 of stone 
not over %-inch in size be used. 

Mr. p. p. Comou. — It occurs to me that provided the form 
was rigid, it is perfectly practicable, for the reason that the 
flow of concrete from that height gives better contact between 
the particles than would be the case churning or stirring. If 
a spoonfull of cement is dropped from a height on a brick, that 
drop of cement will harden more than if the same cement had 
been put there carefully. I think it is a correct system, that is, 
providing the forms are rigid. 

Mr. Perrot. — It is difficult to get contractors to put in 
slightly dry or wet concrete and then make it a little dryer or 
wetter as required. The mixer down in the cellar, who is making 
cement for any work, will run a certain mixture until he is 
stopped. Our experience in work having long columns which 
have been cast at one time is that the heavy materials settle to the 
bottom and the mortar floats at the top. I do not think it is 
practicable to cast a column thirty-two feet long and have the 
mixture uniform the entire length. It might look all right on 
the face, but if you dig into that column you will find that it has 
more solidity at the top than at the bottom. I do not see how 
a floor can be put up successfully in four and a half days. 

Mr. E. p. Goodrich. — I have made columns that were 
twenty- four feet high. We had a system of electric signals by 
which we notified the foreman in charge of the mixer whether 
more or less moisture, more or less stone was to be used in the 
next batch. 

Mr. L. C. Wason. — It has been stated that a rich mixture 
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was used in the columns and a leaner mixture in the floors. 
It is evident that if this rich column mixture is not carried 
through the thickness of the floor there will be a line of weak- 
ness at this point, which is considerable and must not be over- 
looked. I would like to ask Mr. Fox what measures he takes 
while rushing a building at high speed and pouring floors, to 
build up the columns with a rich mixture and fill in the leaner 
mixture in the floor, and what method is used to make sure that 
the particular batch of rich mixture is traced from the mixer to 
the proper point in the column. 

Mr. Fox. — From the bottom of the floor to the top of the 
floor the column is the same as the floor. One reason for using 
a rich mixture in the column is to secure good concrete at the 
bottom of the column, a place where good concrete cannot be 
secured without especial care. Another is that the column is 
confined at the top on four sides by beams and girders, and we 
consider is supported by them. 

Mr. Perrot : In reference to the matter of making two mix 
tures in concrete buildings, the regulations of the Philadelphia 
Bureau of Building Inspection were drawn up by a committee 
of which I happened to be a member. We took this matter up 
very carefully and decided that, considering the experience gained 
on buildings in Philadelphia, it was better to use one mixture for 
both columns and girders, beams and slabs. Heretofore the laws 
of Philadelphia permitted a i : 2j^ : 5 mixture for the floors and 
beams, and a i : 2 : 4 mixture for the columns. We have con- 
structed some very large buildings using those proportions. As 
regards the column being strongest at the point where the floor 
beams and girders meet it, because it is supported on four sides, 
does not hold good for all cases. An interior column with two 
beams and two girders meeting it may be all right, but this condi- 
tion does not always exist. A building being finished now has 
almost fifty per cent, of the columns with only two small beams 
resting upon them ; they are the wall columns. Consequently, 
you do not have support on four sides of the columns, some of 
which are 27 inches square and the beams 8 inches wide. If the 
concrete columns are not built of a i : 2 : 4 mixture throughout 
their entire length, there will be two sides which have no support. 
For this reason the building laws of Philadelphia now require 
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all beams, girders, floor slabs, columns, etc, to be built of a 
1:2:4 mixture. 

Mr. Ballinger.— Referring to the columns in the Bush 
Terminal Building, I saw that shells of concrete, that is. made 
like cylinders, probably two feet long, and a diameter of about 
thirty inches, reinforced with expanded metal, were placed by 
masons one on top of the other, and I believe vertical rods were 
put in them and then concrete added. I would like to ask if 
there was any spiral hoop on the inside of the shell, or whether 
the reinforcement in the shell answered for the hoop. What 
stress was allowed in the columns? 

Mr. Ham. — I visited the building several times during 
construction. The cases for the columns were made up in two 
feet lengths as follows : First, the spirals were coiled in lengths 
of two feet, then these were covered with diamond mesh expanded 
metal lath, which was thoroughly laced to the spiral. These 
columns were then set in a mould four inches larger than the 
outside dimensions of the spiral drum. The space between the 
form and the drum was then filled with mortar or cinder con- 
crete, making a shell two inches thick and the lath leaving the 
cinder concrete rather rough on the inside but smooth on the 
outside. The spiral rods were exposed on the inside of the shell. 

These shells, after hardening for about 14 days, were set 
up one on top of the other and thoroughly pointed up at the 
joints where one shell joined the next. After the pointing cement 
had hardened, the column forms thus made were filled for a full 
story height at one pouring. 

I am not sure of the working stress allowed on these columns, 
the building law allows about 1,000 pounds per square inch 
inside the spiral, and I believe that about this stress was used. 

Mr. Goodrich. — The Brooklyn laws were based principally 
on the building of the Bush Terminal Company. It was designed 
so that the upper columns had stress of about five hundred 
pounds to the square inch. The building regulations of Brook- 
lyn for reinforced concrete were promulgated after that building 
was erected. 

Mr. Ballinger. — Did the thousand pounds to the inch cover 
the outside diameter of the shell or the inside diameter? 

Mr. Goodrich. — The core entirely; the cylinder was not 
included. 



METAL FORMS IN REINFORCED CONCRETE 

CONSTRUCTION. 

By W. L. Caldwell.* 

The enormous strides that have been made by concrete as 
a building material are scarcely comprehended by the layman. 
The magnitude of the cement industry to-day is only second to 
that of the steel industry, itself indispensable to the other for 
reinforced concrete construction; and as it must take the place 
of lumber for building purposes, can anyone conceive of the 
coming demand for these materials in the next few years? 

By the Government's own report, the lumber supply of the 
United States will be exhausted in twenty-five years, if the 
forests are depleted at the same rate as to-day. Can we realize 
what this means? In twenty-five years we will have changed 
over from lumber as the universal building material to materials 
taken from out of the earth. It would seem that nature is 
working wonders for our best good, in refusing to keep pace 
with the "fellman's axe," and as we look about us to-day to 
determine w-hich substance seems to be taking the lead for 
supremacy over all others, assuredly the conclusion must be in 
favor of concrete and steel. 

Since the building world has practically decided that con- 
crete and steel is the future building material, and has deter- 
mined its feasibility, the next great problem that absorbs our 
attention is the best and cheapest way of erecting buildings of 
these materials in the shortest time possible commensurate with 
safety and good workmanship. 

To obtain the true value of concrete as a structural material, 
it must be put to place in plastic form and be left to set or 
harden without being disturbed, and as the amount of steel that 
is necessary to reinforce it is not sufficient or so placed to carry 
the concrete while going through the hardening process, some 
independent means must be employed to confine and support the 
concrete and steel until the former has become hard and taken 
firm and everlasting grip on the reinforcement. 

* Manager, The Bergcr Manufacturing Company, Canton, Ohio. 
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Up to the present time lumber has been employed for this 
purpose almost exclusively, but as the price of lumber increases 
(as it of necessity must do) and the price of steel products become 
cheaper, the time will come when the former will be abandoned 
and the latter substituted, even though the latter have no advan- 
tages over lumber. 

Wooden forms or centerings for concrete construction are the 
"bugbear" of all engineers and constructors, not only on account of 
their first cost, but on account of the great amount of labor and time 
required to put them to place and remove them after the concrete 
has hardened. Furthermore, on account of having to rccut and 
readjust the centering so many times to complete a modern build- 
ing, it is of little value or use for other similar structures, fre- 
quently a total loss, and in some cases the contractor must pay 
for having it hauled from the building. The wise and progressive 
engineers and contractors are endeavoring to find a more suitable 
and permanent material, less destructible, to take its place, even 
though the. first cost is not so low, a material which can be used 
over and over again, thereby producing a great saving. 

The speaker has had years of experience with wood center- 
ing, and for the last ten years has had to do principally with 
sheet steel products for building purposes; therefore, has gained 
an experience with the manufacture of sheet steel that "stands 
him well in hand" in an attempt to adapt its use for centering 
purposes. 

It is one thing to design a form for centering, and another to 
make one that is practical and that can be made on modern 
machinery at reasonable cost. The thing we must strive for is 
the minimum amount of steel and labor required to produce a 
centering that will give maximum results. And this we have 
attempted to do by forming up sheet steel into certain standard 
forms so that they may be adjusted to different sized spans or 
bays without cutting or fitting, and while we have changes and 
improvements to make, yet we believe we are on the right track. 

The one great drawback to producing a uniform centering 
IS the disregard of uniform spacing of columns, girders and beams 
for certain types of buildings, and of regulating the height of 
stories. It would appear that the greatest stride that could be 
made for the success of concrete construction would be to adopt 
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a series of standard sizes and spacings of columns and girders 
for certain types of buildings. If this could be accomplished it 
would materially reduce the cost of all such buildings, as certain 
engineers and contractors would equip themselves with the neces- 
sary appliances to erect these buildings at the minimum cost; 
and again, other contractors would equip for other classes of 
buildings which seem best suited to their likings. In this way the 
whole field would be covered and the very best results obtained, 
and at the same time the investor would reap the benefit of the 
cost reduction and all would be happy. 
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FIG. I. 



Centering can be confined to three types, as follows : 
First, the floors where the whole area interlying four columns 
is flat on underside; second (Fig. i), where the area is broken 
up by two cross beams into three panels; and third, where 
the area is divided up by a series of concrete ribs or joists. 
In all cases the columns may be either round or square, with 
brackets or plain, and the carrying girders between the columns 
dropped below the cross beams, ribs or interlying area. The 
sizes of columns and girders should be restricted to four depths 
and width for buildings of ordinary design, with a variation of 
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two inches in height for girders and beams, and four inches for 
diameter of columns, eight inches being the minimum and four- 
teen the maximum for girder boxes, and four inches the minimum 
and ten inches the maximum for lateral beam boxes; width of 
girders and beams in proportion to depth to be determined. 
Columns may range from twelve inches to twenty- four, with 
four inches variation (see Fig. 2), i. c, 12-16-2024 inches. 
These sizes could be adapted to almost any type of buildings 
where light or heavy floor loads are to be carried. 

Again, the variation in height of stories should be restricted, 
allowing four different heights to apply to different classes of 
buildings. 
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FIG. 2. 



Mercantile buildings can be divided into three classes, i. c, 
office, wholesale and warehouse ; manufacturing into two, light and 
heavy; miscellaneous, such as schools, theatres, churches and 
dwellings, into two. If this could be accomplished you can readily 
see that it would simplify the whole matter, both for the engineer 
and contractor, as well as the manufacturers of centering. The 
engineer would determine the size of columns, girders and beams 
by the loads to be carried by referring to the table for certain 
spacings, and the contractor would only need to invest in two or 
three sizes of forms or centering to construct any one type of 
building. It would resolve itself into contractors confining their 
operations to certain types, which would be a good thing, both 
financially and structurally. 
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If a committee could be appointed from among the leading 
engineers, architects and contractors to determine upon the proper 
height of stories and size of columns, girders and beams for the 
different classes of buildings as outlined, even though they might 
not be able to agree upon all points relating to the different 
classifications, yet a step in the right direction would be taken 
which would undoubtedly lead to ultimate success. 

Taking matters as they stand to-day, sheet steel for centering 
purposes will compare favorably with wood in first cost, and the 
great saving in labor in putting it to place is certainly apparent 
to everyone who has seen the steel centering. 
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FIG. 3. 



The steel may be shaped for forming either round or square 
columns (see Fig. 3), so that they can be removed without 
injury, and in one-fourth the time it takes to remove wooden 
forms. For each type of construction the girder boxes are 
attached to the column forms and the lateral beam boxes in turn 
to the girder boxes (see Fig. 4), the distance from the center 
of the column to the first lateral beam is fixed, say five feet, 
and the distance between the two lateral beams is variable 
to allow for spacing of columns. The lateral boxes carry the 
flooring over the whole intercolumn area, so that when all are 
in place the column form, girder boxes, lateral beam boxes and 
flooring are level and even, allowing for a uniform slab of con- 
crete over the whole area, bonding with the columns, girders and 
beams and making a homogeneous mass. 

After the concrete has hardened the cross beam boxes are 
dropped, then the steel floor bonds, next girder boxes, after 
which the column forms are taken off, leaving a clean, even, 
well formed surface. As soon as the centering is removed it 
should be examined, and if bent or dented, straightened, and 
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the surface thoroughly brushed at once and given a coat of oil 
or soft soap, so that they are ready for use again and not left 
for the particles of concrete to harden on the surface, after which 
it would take five times as much trouble and labor to put them 
into working order. "A stitch in time saves nine." 
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FIG. 4. 



We do not rely on the girder and cross beam boxes to carry 
the dead load of the concrete, but rely on adjustable posts to 
support them in the middle until the concrete is thoroughly hard. 
The girder box form is so arranged that the post need not be 
disturbed while the box is being removed, so that there is no 
danger of accident or failure taking place while tearing down. 



Mr. W. L. Caldwell. — It is our desire to assist in develop- 
ing a system of centering for concrete construction. I have had 
many years of experience in concrete construction, having 
invented several of the systems in use to-day and, therefore, 
have naturally given a great deal of thought and study to this 
subject, but owing to the fact that we are so busy with other lines 
we have not taken the time to develop a working system, but 
if some of you have ideas, let us combine ours with yours and 
finally arrive at a method that will save you some money. We 
have all the machinery necessary and the material — all that i> 
needed is your co-operation — to produce a metal form that will 
be cheaper and better than wood. I have not gone into the 
matter of cost carefully, but running over the system shown here 
hurriedly, I figure the forms can be manufactured for 15 cents 
per sq. ft. of floor area, including column covering, girder boxes 
and beam boxes and floor. Of course, this is subject to many 
conditions that might increase the cost, but for ordinary straight 
work, think this price would hold. I figure the column forms 
would cost about $1.50 per linear foot for 18-inch square column. 
Round columns would be somewhat cheaper. 

Mr. Walter F. Ballinger. — What is the cost of one set 
of centers, designed for all work ? 

Mr. Caldwell. — A contractor would need two or three sets 
of centering to erect the different types of buildings, and as the 
forms are adjustable they could be made to suit the measurements. 
Ordinarily, a building would require from five to fifteen thousand 
feet, according to weather conditions and speed of construction. 
The forms can be adjusted to suit the changes in size for the 
different floors. Taking the life of the forms into consideration 
and apportioning their cost to a reasonable number of operations, 
the cost of forms for each contract would be very small, say 
ten per cent., for ordinary structures. 

I suggested in my talk that it was imperative to have some 
one on the job to clean the forms as they were taken down, 
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and if they were dented or bent to straighten them at once. 
If the cement is left to harden on the forms it would be an 
endless job to clean them, costing three or four times as much 
as when first taken down. 

We have no definite system worked out yet, but it must 
come, and it will be for some large sheet metal working concern 
to produce the forms after a system has been devised. The first 
cost may be more than for wood at the present time, but wood 
is growing more expensive each year, and steel cheaper, so it is 
a foregone conclusion you will have to use sheet metal finally, 
and even if it does cost more at first it will be a saving in the 
long run, because it can be used over and over again. 

Mr. Emile G. Perrot. — Architects have been waiting for 
something like this, to come out. We have thought the con- 
tractors are doing concrete work in a most slip-shod manner. 
I know that almost every man you meet has his own way of 
putting up forms, and very often we find, when the forms are 
used over and over again, that they get very rough. In the case 
of a ten-story building, when you get to the tenth floor the forms 
consist largely of splintered boards, consequently the contractor 
is obliged to get new sets of forms to get a smooth surface. 

A Member. — How will you get adjustments for various 
sizes of members ? 

Mr. Caldwell. — I think the best way to get adjustment is 
by setting in additional pieces, and not by slides, especially as 
in most cases strength is essential and can be gained in this 
method. 

There can be no wear on the forms, and if they are kept 
clean and straightened when taken down, they should last inde- 
finitely. As regards the thickness or gauge of material that is 
best adapted to this purpose, I would prefer a gauge that can 
be straightened easily on the job when deformed, rather than 
one that is heavy and hard to straighten and that has no spring. 
It is one of the first essentials for the metal to have spring, 
so that the forms may be sprung away from the concrete. 

Mr. E. p. Goodrich. — This is a subject I have been study- 
ing for four or five years, and I actually built some buildings 
about four years ago in which metal forms were used to some 
extent. We afterwards changed to wood for later work. 
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Mr. Caldwell. — Let me ask why you changed back to 
wood. 

Mr. Goodrich. — Because of constant trouble with the labor 
organizations, and the rusting of the material, even though the 
forms were very carefully protected and oiled just as soon as 
they came down, we were unable to use them in any other 
building. They were also useless because of difference in size. 
We often had trouble in striking the forms. We eventually 
remedied most of the difficulties, I am glad to say. 

The subject is one of interest, but I believe that a great deal 
of evolving will have to be done before it will be useful. 
Unquestionably, we must use something as a substitute for wood 
before long. 

Mr. E. S. Larned. — I think one reason that form work 
is so expensive is that we have attempted to use too high grade 
lumber and secure an unnecessarily fine finish in much con- 
struction that does not require it. Tongued and grooved lumber, 
dressed on both sides to uniform gauge, is expensive material 
to use in ordinary form work. When your work is completerl 
even under these conditions, there would still be found small 
imperfections, and many engineers and architects will require 
that the surface be treated in some way to secure uniform 
appearance and remove even the slight imperfections. 

Would it not be better to cut down this high initial cost of 
forms by using cheaper lumber, and then secure the finish desired 
by subsequent treatment ? A rough surface is far better to work 
upon than the hard smooth finish resulting from metal surfaces 
or planed and oiled wood forms. In one piece of construction 
coming under my supervision we used galvanized iron centers 
with the idea, of course, that it would give a smooth, hard 
surface; it did, but still it was imperfect in places, due to nail 
heads, creases in the iron, and other causes, and we were obliged 
to put a skim coat of Portland cement on this surface. The cen- 
ters had been oiled, which added to the difficulty. In order 
to accomplish this work, we were obliged to wash the concrete 
surface with a strong alkali solution in order to remove the oil. 
and even then it was almost impossible to avoid peeling and 
defective work in this skim coat. 

In the use of metal forms I would suggest the thought that 
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we introduce an element in concrete work which perhaps, from 
an artistic standpoint, is not particularly desirable, and from a 
practical point of view, if your metal forms are subject to deform- 
ation, indentations, etc., they are going to be more or less injured 
by use. As has been remarked, if the forms are to be handled 
by butchers, they will in a short time be in pretty bad shape, and 
while the metal forms are not destroyed, as in the case of lumber, 
they will give you irregular corners and imperfect surfaces. 

While it is desirable to use as light metal forms as possible, 
by reason of the work required in erecting and removing them, 
still it is obvious that light metal forms will require more frequent 
supports, and will be more subject to deformation and injury. 

Mr. Goodrich. — In confirmation of Mr. Lamed's remarks, 
I know of one instance where a contractor tried to get a perfect 
interior finish, but was obliged to plaster, at an extra expense 
of about forty thousand dollars. 

Another point against metal forms is that drops of water 
form on the centers and leave little pockets in the concrete. 
When this is the case it is almost impossible to retain a plaster 
finish. 

Mr. L. C. Wason. — There is a great field for research and 
inventive genius in the production of cheap, durable forms suf- 
ficiently flexible for many dilTerent uses, as the cost of this part 
of the work is at present one of the greatest handicaps to the 
reduction of the cost and the more general use of concrete 
construction. The writer has used metal forms to some extent 
and has observed their use by other contractors. If sheet metal 
is placed on a wooden back or on a metal stiffening frame there 
is danger of its becoming dented, bent, or otherwise defaced 
so as to give an imperfect surface to the concrete, and if the 
metal covering is sufficiently thick and strong to resist damage, 
it is too heavy and expensive for general use. Moreover, such 
forms are not flexible, so that they can be used for various 
purposes. The use of heavy cast iron moulds, as proposed by 
Mr. Edison, is far more expensive still. Therefore, up-to-date 
wood has proved to be the most economical and flexible in the 
way of being changed from one use to another of anything which 
the writer has yet seen, and his study has been concentrated 
on the most effective and economical use of lumber. When a 
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sheet metal form becomes dented it is usually cheaper to throw 
the covering away and start new than to straighten and re-usc 
that which is bent. With the rough, careless class of mechanics, 
called carpenters, which is the only possible kind to get for con- 
crete forms, there is great danger of a rapid deterioration in 
the value of the material. Thoroughly good mechanics, those 
who are capable of doing a nice job of carpentry, cannot be 
induced to work on this class of construction. The quality of 
these rough carpenters is also becoming ix>orer, usually on account 
of the trade unions' restriction to the employment of apprentices. 
Any man who can buy a few tools and use a saw and a hammer 
can hire out as a carpenter. He is so poor that he is constantly 
discharged, and after a considerable time of practising on one 
job after another may show a little intelligence, but is a very 
inferior workman at best. 

In considering the cost of construction as a whole it is as 
likely to be governed by the cost of the forms as the cost of the 
concrete. For illustration, in the cost of columns, although they 
are made so as to be reduced in size as easily as possible, this 
is somewhat expensive in labor, and after they are reduced the 
girders and beams which meet at a column are too short and 
have to be spliced out, which adds to the cost, and these costs 
are likely to exceed that which can be saved in concrete. It is 
therefore more economical to run the columns one size through 
the full height of a low building or to reduce the size only twice 
or at most three times in the height of a high building. For 
instance, the actual cost of labor (without regard to wastage of 
lumber) in reducing columns from 16 inches to 12 inches on a 
certain job amounted to $5.70, whereas the cost of the concrete 
saved by the reduction was $2.30. In the writer's office a set 
of plans in pamphlet form has been compiled for standard forms 
of all kinds of work, and where special framing is required 
plans are made for these especial cases, and in spite of this care 
and study the above figures represent actual experience. There- 
fore, in designing and handling form work the cost of labor is 
the principal item to be considered. The opinion was expressed 
by Mr. Larned that the forms could be cheapened by the use 
of common and rough lumber instead of a fairly good grade of 
dressed stock would seem to disprove the above statement. The 
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cost of dressing varies according to the mill from $1.50 to $4.00 
per thousand feet for planing four sides. The price of second 
grade hemlock and spruce differs but little from that which has 
small sound knots and is free from wind shakes or large season 
cracks, and such lumber works so much easier as to cut down 
the labor cost more than the equivalent of the difference in cost 
of material. Some builders use %-inch stock, others iJ/^-inches, 
and some 2-inches thick. The thicker lumber will stand the wear 
and tear longer than the light and can therefore be used so 
many more times than the thin that it is more economical in the 
long run if the work in hand is large enough, so that forms 
can be used several times without delaying the rapid progress 
of the work. With planed stock tighter joints can be obtained 
between boards, which prevents leakage of the fine materials and 
weakening and roughening the surface, and the boards are of 
even thickness, so that a fairly good surface is obtained, which 
needs little treatment after the forms are removed, except where 
an oniamenetal appearance is especially desired. If rough lumber 
is used, in order to get even a passable surface finish, consider- 
able labor must be spent upon dressing the concrete after the 
forms are removed, and this must be done by mechanics. If 
a cement finisher, who is in no sense a plasterer, is used, and 
his wages are $0.45 or $0.50 an hour, only a fair job can be 
obtained. If plasterers are used their pay is $0.60 per hour, 
and the job is properly finished, but in either case the cost is 
greater than the cost of planing lumber and of using a good 
quality. Rough lumber can only be used economically in work 
which is never exposed to view or where the looks is no object 
whatever. 

Mr. Caldwell. — One advantage the metal forms have over 
wood is their adaptability to different sizes of columns, girders 
and beams. It is almost impossible to work wood forms over so 
they are satisfactory, and the expense is greater than in using 
new lumber; therefore, the expense runs up indefinitely and 
most concerns do not keep an exact account of the cost or they 
would be more in favor of metal for centering. 

Mr. Perrot. — I think the method of finishing reinforced 
concrete buildings on the inside is not thoroughly understood 
by the people for whom the buildings are built, namely the 
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architects and the owners. The man who builds a reinforced 
concrete building is using a comparative new material. He has 
set in his mind the character of the finish he expects to get 
as being similar to the troweled surface of a cement sidewalk, 
and supposes that the surface of the concrete beams and floor 
slabs is going to look as smooth as a sidewalk. Consequently 
when the architect comes to pass on the buildings, the first 
thing he sees will be the board marks and he wants them chipped 
off. He is all wrong. He will accept a hard brick wall which 
is more unsightly, but will not accept concrete as it comes from 
the form, if it is put up in good condition. I would rather have 
good workmanship and use seven-eighths inch material for 
slab forms cleated together into panels of about five feet wide. 
It is not a question of thickness — it is a question of making the 
forms regular and true, and then of keeping them straight. 
It does not make any difference about the boards being planed, 
but as I understand it the thing is to get the boards of the same 
thickness, so that you will not have a series of steps in your 
beams or slabs. Unless you are going to plaster the walls, why 
should your concrete be any better than the walls. If you want 
the concrete very smooth the best method is to plaster the work 
afterwards. Spend the money for the plastering instead of on 
the forms and you will get better results. 

Mr. Larned. — In connection with the use of wood forms, 
the chief element of cost in my judgment is the use of a hammer 
and saw in erecting same. Our contractors do not seem to use 
sufficient ingenuity in the construction or erection of forms to 
do away with this source of destruction. You cannot successively 
drive nails into your wood forms without ruining them; your 
boards are soon split, and in this imperfect condition, have to 
be replaced with new. Devise some clever system of attaching 
them to the studs or plates that will render unnecessary the use of 
nails, then wood forms will be found far cheaper than at present. 

Mr. p. p. Comou. — In my judgment it is not advisable to 
use a facing of any kind on your forms whether they be of lumber 
or other material. I use my lumber rough and build my walls 
as rough as possible, keeping the rough surface on the inside 
of the form. This is particularly necessary where you plaster 
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the finished surface, as it is a difficult matter to get mortar to 
stick on a smooth surface. 

The difficulty in the use of metal forms is that they must 
be greased thoroughly, otherwise the cement will stick and you 
will have difficulty in removing them. The longer the form is 
on the greater will be the difficulty. You cannot always remove 
the forms as quickly as you wish, especially if for instance a 
spell of rain weather occurs, ^where it may be eight or ten days 
before you can take the forms down. The disadvantage of 
greasing the form is that it will either affect the concrete so 
that the surface will peel off or it will produce an unsightly 
discoloration. 

Mr. H. H. Fox. — In most cases there is an actual saving 
of money to the contractor in using dressed lumber instead of 
rough lumber. This saving occurs, in a great many ways. 
Dressed lumber may be used once in concrete work without 
applying any grease to it, whereas, if rough lumber is used 
lumps of concrete will adhere to the forms when they are 
removed. When forms are used more than once, the cost of 
cleaning them preparatory to each successive use is greater if 
the lumber is rough than if it is dressed. 

In a ten-story building, where the forms are used ten times, 
the original cost of dressing lumber — about $2.00 per thousand — 
divided by ten gives a cost of concrete surface of $0.02 per 
sq. ft., where the surface of the form is made of one inch lumber. 
This cost is saved many times over in labor and in the amount 
of grease used. 

Mr. Larned. — I will add just another word in explanation 
of my position, and that is, that dressed lumber for all kinds 
of concrete construction, seems not only unnecessary, but in some 
cases undesirable. For some uses it would perhaps be cheaper 
than to attempt to use rough lumber. As to the matter of losing 
cement through leaky forms, this must be met in a practical and 
intelligent manner. 

If your work requires a very fluid mixture, it is obvious 
that you must have tight forms, but if concrete be properly 
proportioned, thoroughly mixed, and of proper consistency, there 
is no danger of losing cement through the joints of straight- 
edged boards, and in this connection I would suggest the import- 
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ancc of giving more consideration to the consistency and mixing;: 
of concrete than is ordinarily done. Sloppy concrete introduces 
an element of danger affecting not only the appearance of con- 
crete, but the strength, density and wearing qualities. 

Mr. Frank L. Emerson. — In Boston we have constructed 
reinforced concrete walls with a facing of fine selected aggre- 
gates which when bush-hammered, present an appearance of 
cut granite. 

In this high class of concrete work, it is necessary to take 
means to overcome the irregularities of surface so common on. 
ordinary concrete surfaces and caused by open joints and uneven 
forms and particularly by the irregular distribution of aggre- 
gates at the surface. 

We have obtained excellent results by the use of matched 
boards supported by 2 x 4 in. studding, taking care to close 
the open joints in the forms to prevent the escape of free cement 
and water and carefully placing the surface aggregates in such 
manner that the mix is evenly distributed as to size of aggre- 
gates and successive layers. 

Where we have executed work in this manner and the sur- 
face has been hammered, it presents a true and even texture. 

Mr. Perrot. — We had a very unsatisfactory experience in 
Philadelphia in one of our first concrete buildings, where we 
had the contractor oil the forms to prevent the concrete from 
adhering to the boards. As a consequence the concrete absorbed 
the oil, which was pretty heavy in this case. The question of 
oiling, and the scraping process to get the oil off the concrete 
afterward is a very serious matter. If metal forms are to be 
used, and pretty freely oiled, I think there will be trouble if the 
concrete is to be plastered. It is seldom that some part of the 
building is not plastered with a white coat. It would be almost 
impossible for that white coat to stick, if the oil adhered to the 
concrete. I would suggest to the gentleman who proposes to 
get up metal forms that if there is some other means besides 
oiling to prevent the concrete sticking to the metal, he had better 
bring it out. 

A Member. — With the idea of doing away with a certain 
amount of form work we have developed something that 
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approached a metal lath. This is primarily used for roofing and 
for light floors. 

Mr. Wm. H. Ham. — I may be wrong in the terms, but I think 
the gentleman refers to a light weight roof metal, which is used 
to span between purlin beams and is used without centers up 
to four-foot spans. This has worked out in a number of cases 
very satisfactorily. I find some very large buildings put up using 
this type of construction to-day, even in the winter time, with 
satisfaction. This material is not designed for use in floors, 
because it is not heavy enough for floors as they are being built 
at the present time. It is not strong enough to use for anything 
except roofs and partitions. 

Mr. Caldwell. — I should like to ask if anyone has had 
experience with a mixture of soap and alum for treating the 
forms to prevent the cement sticking. I understand this substance 
has been used with good results. I do not know the proportion ; 
it is used like thin paste. 

Mr. Piiipps. — I have been using this same substance for the 
past six years. It keeps the concrete from sticking to either 
iron or wood moulds. 

We have plastered on this a white coat of plaster with a 
great deal of hard work. But have had no trouble with the 
plaster sticking. I made the concrete half wet and used the 
float. I also used quite extensively benzine, kerosene and a 
little varnish, which we just applied with a brush very thinly 
on this form — iron forms especially. I never tried it to any 
extent with wooden forms, but on iron forms it has worked 
good. It would keep the iron from the smooth cement and it 
never tore it to any extent at all. 

Mr. Caldweli.. — We have used galvanized and aluminoid 
plates, also japanned, but they do not prevent adhesion of the 
concrete. If some suitable coating can be found to prevent 
adhesion and corrosion, I believe the metal forms will solve the 
whole problem. 

Mr. Larned. — The advantage of soft soap is obvious as 
compared with oil, because on the application of water it is 
readilv washed off. 
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Mr. Phipps. — We use about a tablespoonful or half or three- 
quarters of a pint, where we want to fill an iron mould. I never 
used it to any great extent on wooden moulds. Of course, it is 
quite expensive. I find that soap does my work all right. I think it 
would protect the iron moulds in block work a great deal. 

Mr. Emerson. — We have obtained excellent results with 
one coat of a high grade varnish on wood forms of planed 
lumber and are still adhering to this method. 



MANIPULATION OF FORMS IN CONCRETE 

CONSTRUCTION. 

•By J. F. SWINNERTON. 

In presenting for the consideration of this body of practical 
cement users an improved system of ** forms" for use in 
monolithic concrete construction and in the effort to make 
perfectly plain its full merits without going into such minute 
detail and specification as would become tiresome, the writer is 
aware that he has set for himself a task of no mean consequences, 
and may not be able to fully succeed. It is conceded that there 
is a great need of radical improvement along this line, and if it 
can be shown that there has been such improvement made, then 
this effort and the time of this convention in hearing will have 
been profitable. 

It is conceded that the item of "form cost" on monolithic 
concrete buildings, as at present constructed, is entirely out of 
proportion to the whole cost of the completed buildings and 
that there is need for marked improvement and great re<luction 
of cost in this item. 

In mixing and handling concrete, the progress has been 
rapid and such as to leave little to be desired in the way of 
machinery, appliances and method. In steel reinforcement and 
its fabrication for the various parts of the buildings, close step has 
been kept with the march of progress. 

In providing the forms, by means of which the plastic 
material is made to take the completed shape, about the only 
attempt at improvement has been the establishment of wood- 
working plants at the buildings, and which have, no doubt, 
greatly facilitated the destruction of good lumber without 
accomplishing anything in the way of finish or reduction of 
"form cost." In the ordinary course of procedure, the lumber 
thought necessary to construct the forms is contracted for and its 
delivery arranged as nearly as can at the moment be calculated 
to work in, just at the right time and which, when received at 
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the building, is dumped anywhere that may be least in the way, 
to be rehandled when needed. It is then attacked by the skilled 
wood-workers, who, having to do all their work by hand and 
under the greatest disadvantages, cut and slash, utterly regardless 
of economy, until finally the "forms" are completed and ready to 
receive the semi-fluid concrete, only to waste a vital part by means 
of bad joints, cracks and absorption into the fiber of the wood, to 
the detriment of the finished work. 

The removal of the "forms" after the concrete has "set" 
is always attended with more or less damage to the material, 
and particularly if some slight changes are necessary to be made ; 
then the sacrifice of material will have been such that the re- 
erection will require a still further drain upon the new material, 
until at the finish, and very often long before the finish, all the 
material and labor has become chargeable to "form account" — 
in other words, the value that existed as lumber has vanished, 
and to this must be added the cost of the labor necessary to its 
total destruction. 

To remedy and improve this wasteful and expensive method 
of producing "forms," it is proposed to provide a system of 
permament "forms" which may be taken to a building, set up, 
used, removed, and re-erected by unskilled labor, using only a 
pocket wrench with which to draw up the nuts on the bolts. 
It is intended that this system of permanent "forms" shall be 
made in a highly organized and specialized factory, where 
every advantage may be had as to selection and storing of 
material and where the productive capacity of the workmen 
may be multiplied many times by the use of improved machinery 
and appliances; where the initial cost may be reduced and kept 
at the minimum, while maintaining the quality of the product 
at the highest possible point. 

What is possible to attain along this line of intensification 
and specialized manufacture, as shown in numbers of articles 
now on the market and which seem little less than miraculous; 
for instance, who would think it were possible to even assemble 
an Ingersoll dollar watch, much less produce its component parts 
and pay the profits incident to its sale. 

It is intended that this system of permanent "forms" shall 
consist of a series of rectangular units, covering rectangles from 
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3 feet square clown, together with units for forming corners, 
right angles and octagon, collapsible units, column and beam 
intersections, any and all of which may be readily combined to 
form any part of a building. It will be seen that this plan will 
permit of covering any rectangular space, and by the combination 
of corners with other units will permit making a beam or girder 
of any size or a column of any diameter or length. 

The permanent "forms" to be so designed and constructed 
as to secure a maximum of strength with the minimum of bulk 
and weight, in order that handling, storing and transporting 
may be most readily effected. The face of the permanent "forms," 
against which the concrete will set, to be made of sheet steel, to 
give the best possible surface to the finished work, to facilitate the 
removal of the form, to furnish the best possible diagonal bracing 
of the form, to furnish a mutual protection for the edges where 
they join one to another, to avoid unsightly seams or joints in 
the finished work, and finally to provide against leakage and 
absorbing of moisture from the concrete. 

In order to give a general idea of the design and construc- 
tion, would say: The standard unit is a substantial yellow pine 
frame exactly 3 feet square, mitred at the comers and bound by 
pressed-steel comer pieces of special shape, and is faced on its 
inner side with No. 16 sheet steel, which is securely attached to 
the frame by means of countersunk screws. The pressed-steel 
corner pieces are so shaped that when four of them come 
together, they form a hole through which a •^'^s-inch bolt would 
pass; these corner pieces also have a "sector" formed on them, 
such as would form a conical surface about the hole for the 
bolt and over which conical surface fits a dished washer, which, 
when drawn up with a nut, securely locks one corner of each 
of four units, so as to effectually prevent displacement either 
vertically or horizontally. The corner plates are also provided 
with recesses for "dowels,** by means of which a perfect register 
of the steel sheet is secured. 

In addition to the means of ct)nil)ination already described, 
and which is not applicable under all conditions, there is pro- 
vided another means of combination, which is by bolting the 
side and end rails of the rectangular units and side rails of the 
"corner" and collapsible units. 
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The combination of the units to produce columns, pilasters, 
floors, walls, beams, girders, belt-courses and cornice would 
almost be suggested by the different units themselves, and it 
would be a rather difficult matter to go wrong. 

All comers are rounded to a radius of i inch, so that there 
are no sharp edges to be damaged, and in the case of octagon 
corners, this rounding of the edges will practically make of it 
a round corner, at least so far as reinforcement, hooping, etc., 
are concerned. 

The use of permanent "forms" becomes and is to be con- 
sidered as a percentage to be charged for the natural wear and 
tear on a permanent part of a contractor's plant, depreciation, 
as against the cost of skilled labor, working under the greatest 
disadvantage, the cost of lumber, nails, etc., repeated over and 
over again, until the material has reached the vanishing point, 
and this all on the one job, percentage, it is true — loo per cent. 
The use of permanent "forms" will eliminate a large force 
of skilled workmen, together with their tools, belonging^, and 
other rubbish incident to their work, enable the superintendent 
to see to the proper mixing and placing of the concrete with 
his smaller force of unskilled workers, give smooth, straight 
lines, besides furnishing complete and exact measurements of 
the work in all directions at all times, and add to the profits of 
the contractor. 

The use of permanent "forms," as contemplated, will make 
the calculation of the item of "form cost" a matter as certain 
as that of any other part of the building, as having the plans 
of the building, the number and kind of units can be more 
accurately determined than any other item. Using a given num- 
ber of "standard units," it is known positively that each will 
cover exactly 9 square feet of surface and that three, five or 
ten of them, used extended, will cover just three, five or ten 
times the surface covered by one. 

Using an "outside right angled corner" unit to cover i inch 
of wall surface and an "inside right angled corner" unit to cover 
3 inches of wall surface, in combination with the auxiliary 
rectangular units of less than 3 feet down to i inch, will make 
the calculation and finished work correspond exactly; in other 
words, there is no need of a contractor calculating that $7,500 



SWINNERTON ON MANIPULATION OF FORMS. 307 

will cover "form cost*' on a given building, then buying $10,000 
worth of lumber for same job and yet have his labor bills to pay. 

That the use of permanent "forms," as above outlined, is 
eminently practical has been demonstrated beyond a cavil or a 
doubt. That the manufacture, sale and rental of such forms will 
pay a good profit is beyond question, and that the use of such 
forms by the contractor or builder to his own profit is not a 
matter at all uncertain. 

It is a fact that anything may be done if the cost be not 
considered, and in this connection it may be proper to say that 
the use of forms of any design or construction intended to carry 
out, in moulded concrete, all the many designs of the architect 
would prove too complicated and costly. It is equally true that 
there is a very marked difference in cost between the elaborately 
carved figure and the block of rough stone from which it is cut. 

If it were desired to show an elaborately trimmed face of 
pressed brick, terra cotta, cut stone and tile on a monolithic 
concrete wall, it would be a simple matter to "lay up" the 
ornamental face 4 inches thick with cement mortar and sheet 
steel anchors and use it, when so laid, for one-half the "form" 
and use the permanent "forms" for the other half, putting in 
the reinforcement and concrete as work progressed, and in this 
manner secure all the advantages of monolithic concrete con- 
struction, along with the ornamental and decorative features of 
the other material. If it were desired to relieve a monolithic 
concrete wall by a color scheme, tiles could be readily set inside 
the "forms," after which the inside "forms," together with the 
reinforcement, and the concrete poured. Nothing need be said 
as to panel, tablet and core work, as all these would suggest 
themselves. 

As the use of permanent "forms" has to do with one of the 
necessities of life, viz., shelter, it comes right home to all of us, 
and anything that tends to make it attainable with less expendi- 
ture of effort operates just that much towards the object sought 
by all — ^the raising of the scale of living, and in the matter of 
"shelter" for the millions of our people, what is there not in 
the possibilities of monolithic concrete construction in the way 
of increased comfort, safety, economy and permanence. 

Conflagrations such as devastated and desolated Chicago, 
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Boston, Baltimore, and even San Francisco, with all the loss, 
ruin and desolation they entailed, would be matters of history. 

The enormous sums now spent to maintain our fire-fighting 
forces and the princely sums paid for insurance need not be 
taken from the product of the labor of the useful worker, and 
could be used to further raise the scale of living. 



RECLAMATION OF ARID LAND. 
By E. T. Perkins.* 

This is the day of big events, an epoch-making period. The 
constructing engineer has at his command the funds of the great 
corporations, and the monies of the Federal Government. 

In the construction work of the Reclamation Service, the 
U. S. Government has inaugurated a policy of paternalism that 
has never been equalled by any nation on earth; it is building 
great irrigation works, and turning over the improved lands to its 
citizens at less than cost price ; it is acting as a father acts towards 
his sons — loaning on long time and without interest. 

One of the principal factors that works towards such success 
as we may attain is the splendid cement that is being furnished 
by the cement manufacturers, and the mobility of the material 
itself. 

From time immemorial irrigation has been practiced by the 
inhabitants of the arid and semi-arid countries. The birthplace of 
civilization was in those hot climates where irrigation was an 
absolute necessity, and always the irrigated lands have produced 
surer and more profitable crops than those lands which depend 
upon the rainfall for their agricultural products. As knowledge 
increased, engineering became a science, and new materials, or 
new properties of already known materials, were discovered, and 
many new areas of land were brought under cultivation. 

Our own great West has many thousands of acres that are 
now desert and profitless — irrigation is the "open sesame" that 
will dispel the mystery and silence of these great plains, and 
pour into our National Treasury treasures far greater than found 
in the robbers' cave. 

Major John Wesley Powell, the noted scientist and explorer, 
is the father of the irrigation idea in this country, and in season 
and out of season he preached the doctrine that finally ripened 
into the Reclamation Act of June 17, 1902. 

• Engineer in Charge, U. S. Reclamation Service, Chicago, 111. 
Acknowledgement is made to the Franklin Institute for the cuts used for Figures 

10, XI, 12, 14 and 15. 

(309) 



3IO Perkins on Reclamation of Arid Land. 

Briefly stated, the receipts from the sale of public lands in 
the Western States and Territories are turned into a fund 
which is used for the reclamation of the arid lands of those 
States and Territories, and the upbuilding of happy and pros- 
perous homes — we are bringing the landless man to the manless 
land. Already this fund amounts to $40,000,000. Work is. being 
carried on in 25 different localities. During the year 1907 our 
expenditures exceeded $15,000,000, and over 300,000 acres of 
land have been irrigated and given over to the settlers. 

Our own cement mill has manufactured over 70,000 barrels 
of cement. We have purchased and used in concrete construction 
350,000 barrels ; our estimated needs for 1908 are 1 18,000 barrels, 
and one structure to be begun in 1909, the Engle Dam on the 
Rio Grande, will use 300,000 barrels. These figures are my cre- 
dentials for presuming to address the National Association of 
Cement Users, and claiming membership therein for the Recla- 
mation Service. Come with me to some of our projects and see 
the uses to which we have put this material : 

In a beautiful valley in Central Colorado, where prosperous 
houses and productive orchards rise as by magic after the irrigat- 
ing waters reach the land, we are building a thirty-thousand-foot 
tunnel, with capacity of 1,300 cubic feet per second, to irrigate a 
tract of 147,000 acres of the Uncompahgre Valley. It was a well- 
known fact that plenty of water was going to waste in the Gun- 
nison Canyon to irrigate these lands, and the feasibility of so 
doing had been discussed pro and con for many years. 

Reconnaissance, under almost unbelievable conditions of 
hardship and danger, proved that it could be done. A wagon 
road of approximately four miles in length, with the steepest 
average grade of any used road — 24 per cent. — was constructed 
from the top of Vernal Mesa, 2,000 feet down to the canyon bot- 
tom, and down this road was sledded, not hauled, the machinery 
and necessary materials for the construction of our plant, and 
the town of East Portal. 

This tunnel is to be lined throughout with concrete, but the 
section does not maintain the regularity of the portals. Passing 
out of the west portal into the valley, the grade of the valley is 
too great, and the excess slope is taken up by concrete drops 
the principal features of which are the water cushions which 
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break the shock of the falling waters. Leaving this sec- 
tion the canal passes through the foot hills, where to avoid cost 
of heavy construction, the section is made deep and narrow, 
and is concrete lined, that the smoother sides and bottom may 
not impair the capacity of the canal, but will have an equal 
capacity with the earth sections, in the lands that are more level. 
In Wyoming and Nebraska is the North Platte project. In 
Wyoming the flood waters of the North Platte River are stored 
by the Pathfinder Dam in a reservoir which holds a million acre 



feet of water (an acre foot being so much water as will cover an 
acre of land one foot deep). The dam is an arched masonry 
structure costing $500,000, in the building of which will be used 
40,000 barrels of cement. The amount of concrete in the bridges, 
towers, spillways and guide walls is about 1,000 cubic yards. 

The stored waters pass down to Whalen, Wyo., where a 
reinforced concrete dam with cast-iron gates, diverts the water 
into a great canal which passes over concrete culverts, through 
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concrete flumes, onto a million acres of land in Nebraska, now- 
used for grazing only, but which will become a great country for 
the fattening of cattle and for dairy products. 

In Montana, on the Yellowstone River, is the Huntley pro- 
ject, where 28,000 acres of the Crow Indian Reservation have 
been thrown open to settlement. The Secretary of the Interior, 
James Rudolph Garfield, officiated in person at the lottery by 
which these lands were disposed of. 

The intake from the river is a simple structure of reinforced 
concrete. A few miles from the intake, Pryor Creek crosses the 
canal. The canal is carried in a pressure pipe underneath a rein- 
forced concrete structure which passes the waters of Pryor Creek 
into the river, over our canal, and under the tracks of the 
C, B. & Q. Railroad. 

As in the case of the Uncompahgre project, and nearly every 
project, the grade of the country is too great for the proper slope 
of our canal, and here 600 electric horse-power is developed by the 
concentration of this drop all in one place. A concrete power- 
house has been built for the installation of the electric machinery. 

The lands to be irrigated are flat, and well adapted to culti- 
vation, and no claim is more than two and one-half miles from 
a railroad station. 

One of the most picturesque projects is the Shoshone 
project, in northern Wyoming, near Cody, named for and being 
the home of Buffalo Bill. Here in a narrow gorge is to be con- 
structed the highest masonry dam in the world — 310 feet above 
foundation, 240 feet above the river bottom, and only 200 feet long 
on top. It is a concrete arch with 19,000 cubic yards of concrete 
in the base of the dam, and 50,000 yards in the dam, above base. 
Granite blocks 25 to 200 pounds in weight, to form 25 per cent, 
of the volume of the dam, will be placed by hand, and rammed 
until well bedded. The reservoir will have a capacity of 456,000 
acre feet. A road of very heavy construction has been built up 
this canyon to the dam site, partly blasted out of solid rock, partly 
built from ledges below grade level, and partly through rock-hewn 
tunnel. 

Twelve miles below Cody there is constructed the Corbett 
Diversion Dam, a reinforced concrete weir 17 feet high and 600 
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feet long. This diverts the water into and through the Corbett 
tunnel, a tunnel generally parallel to the river, and at several 
points close enough for a ditch to be excavated from the face 
of the bluffs to the tunnel. This tunnel, 20,000 feet in length, 
has been completed and lined throughout with concrete. 

In southwestern Idaho is one of the most attractive of all 
projects — the Minidoka. Great plains of immense fertility are 
being reclaimed by the waters of the Snake River. The disin- 
tegrated lava which forms the soil is not exceeded in fertility 



and lasting qualities by any soil in the world. The Isle of Sicily 
has produced, without rotation, for over six hundred years, great 
crops of wheat, and the soils are similar. 

A rockfiirdam costing $600,000, has been constructed. Two 
sets of gigantic gates, set in concrete, serve as intake for the 
canal, and spillway for the floods of the river. When the united 
capacity of the gates will not pass the flood waters, a concrete 
spillway a half a mile long, stretching to the south, cares for the 
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excess. This structure has already handled successfully the great- 
est flood recorded in the last twenty-five ycars_. 

There are already under construction twenty-five projects, 
and as each project is brought under consideration, there is the 
temptation to say "this is the best." 

When you see the beautiful fields, ort^ards and homes of 
the Yakima Valley, Washington, you feel that irrigated lands 
can never do more. Forty thousand acres last year produced 
$2,000,000 in crop values, an average of $50 an acre. Think of it 
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— an average of $50 for that entire acreage. To increase this 
acreage, the flood waters of several rivers are stored. 

In the Tieton Canyon we are compelled to carry our canal 
line along the side ot' canyon, far above the river, through most 
difficult construction — columnar basalt. To save as much as 
possihle of this excavation, a most unique canal is being con- 
structed. Reinforced concrete circulaV sections 8 feet 2j^ inches 
in diameter, 4 inches thick, 1 foot wide lengthwise of the canal, 
weighing about a ton each, are formed in the canyon of the river. 
When thoroughly set, they are hoisted by cable to grade, and 
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there placed on the prepared foundations and cemented to the 
adjoining sections. The capacity of this canal is 300 cubic second 
feet, and the water is to flow 5 feet 3 inches deep. This is a 
daring innovation in the manner of construction, and doubts are 
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expressed by many competent engineers as to its safety, but we 
feel assured of the stability of the structure, and several of our 
engineers are staking their reputations on this fact. 



Many miles away these stored waters are diverted into the 
Sunnyside lands, where we have purchased a private system, 
have replaced the old diverting dam of timber by a reinforced 
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concrete weir, and are serving the 40,000 acres that produced 
the $2,000,000 crop. Good crops — beautiful climate — and pretty 
girls for marrying — ought to settle any country. 

The first project undertaken was the Truckee-Carson in 
Nevada, so called because the waters of the Truckee River and 
Carson River are united in holy wedlock to fructify the "Forty 
Mile Desert," and produce the crops that will feed the mining 
camps of Nevada. 

Senator Newlands, of Nevada, chairman of the Senate Com- 
mittee on Irrigation of Public Lands, and Representative Mon- 
ilell, of the similar committee in the House, are the two men in 
public life, save President Roosevelt, most to be credited for the 
existence of the Reclamation Act. 



\ concrete diverting dam across the Truckee River throws 
the waters of this stream into a great canal, and passing thirty- 
nine miles through concrete-lined tunnel, concrete-lined ditch, and 
earth section, these waters pass into the Carson, and then by 
means of concrete gates very similar to the structure in the 
Truckee River, these waters are turned into the canals that serve 
the lands of the Carson Sink. 

California has not fared so well as some of the other States, 
but it has a part of two projects: Klamath on the north, and 
Yuma on the southeast, on the Colorado River. The parallel 
between the Colorado and the Nile is most striking: climate. 
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rainfall, the physical characters of the inhabitants of the valleys, 
the physical properties oi the rivers, are almost exactly the same; 
and such being the case, it is not surprising that our diverting dam 
IS modeled upon the Damietta and Rosetta Weirs of the Nile. 
This type of weir originated in India, and has withstood during 
fifty years Roods ten times greater than any flood ever known on 
the Colorado, though founded on mud and sand as is this struc- 
ture. 4,780 feet in length, 19 feet high from foundation to crest, 
laising the waters len feet, the unique feature of this structure is 



na 9. — CONCRETE ARCH ON UPPFJt MAIN CANAL. OKANOGAN PBOJECT, 

its great width from up stream sido to down stream toe, 257 feet, 
with three concrete core walls to prevent seepage and flotation. 

The theory of this type of dam is that its great width will 
hreak the force of the flood waters, and So prevent any material 
underscour at the down stream toe. There will be a certain 
amount of scour, but by dumping in rocks for the next fifty 
years, no serious damage is anticipated. 

Last, but not least, is the Salt River project. Ninety miles 
east of Phcenix, Ariz., sixty-two miles east of Mesa, there is being 
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FIG. 10.— CDNCKETE DAM AND HEAOCATES, TRUCKEE RIVER, NEVADA. 



FIG. II. — CONCRETE MEADWORKS ON CARSON RIVER. 
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built the Roosevelt Dam, a masonry arched gravity section, 284 
feet from foundation to crest, 220 feet above river bottom, 1,080 
feet in length on crest, this structure will create the greatest arti- 
ficial reservoir in the world; a reservoir with an area of 16,320 
acres, a capacity of 1,284,000 acre feet. 

Two hundred and fifty thousand barrels of cement go into 
the construction of this dam, and the location of the dam made 
it necessary for the Government to here construct a cement mill 
of its own. Railroad transportation and wagon haul made the 
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jmrchase of cement prohibitive — $4.81 per barrel dehvered was 
the lowest proposal — $2.13 per barrel is the lowest price at which 
we have manufactured, and this cost has been dependent not on 
the capacity of the mill to produce, but on the capacity of the 
contractor to use. 

A road 62 miles long, with concrete structures of various 
character, has been built almost entirely by Indian labor. The 
.\paclies that under .\pai.lie Kid and Geronimo were the scourge 
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. 14.— CONCRETE DAM OF TSUCKEE RIVER AT LAKE T 
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of the Southwest, under the pacifying influences of the Reclama- 
tion Service, are good citizens and first-class road builders. 

As a necessary aid to the construction of this dam, a power 
canal nineteen miles long has been built, crossing great gullies by 
means of concrete pressure pipes, winding along the side hill in 
graceful curves, crossing side drainage lines on imposing struc- 
tures of concrete, this water finally plunges down 2CO feet, to our 
temporary power-house which nestles in the rocks, seeking pro- 
tection from the blasting incident to the work. 
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Where the desert with its unique foliage has held sway foi 
time immemorial, the fruits of civilization are being brought 
forth, largely by means of our cement structures, and soon this 
great West, from the flowery plains of Kansas to the golden 
Pacific, from the sun-kissed lands of Mexico to the snow fields of 
Canada, will blossom and bring forth produce of great value 
transformed from desert to garden and farm, largely through 
the u.=;e of cement and concrete structures. 



WATERPROOFING CEMENT STRUCTURES. 

By Jamics L. Davis.* 

This paper does not deal with all the prominent phases of 
the general problem of waterproofing concrete. Attention is 
given instead to some of the tests made in the laboratory of 
which the writer has charge, that of the Board of Water Supply 
of the City of New York. The data here given should be 
considered as but the beginning instead of the final results of a 
series of investigations. In consideration of the short time 
during which our tests have been under way, the best that 
can be done is to point out certain possible tendencies in different 
classes of materials and methods. The major part of our inves- 
tigations to the present time have been aimed toward securing 
impermeability of mass. 

The writer believes permeability tests of mortar and con- 
crete are the most difficult tests to make successfully that are 
applied to these materials. Even with the greatest care in every 
operation of making, storing and testing, widely discordant 
results will usually be found between the several specimens of 
a series intended to represent identical conditions. The writer 
considers three (3) specimens the fewest possible number which 
should constitute any test. For new materials, the general 
behavior of which are unknown, he employs six (6) specimens 
in every test. 

The chemical, physical and electrolytic changes which occur 
within a mass of wet cement and aggregate are so complex and 
so little understood that science can but vaguely indicate the 
causes which produce these clashing results, or point the way 
to their remedy. Little is known of the extent to which these 
discrepancies may be due to variations in physical and chemical 
composition of the cement, the degree of compacting the speci- 
mens, or to other recognized accidents of making, or to varia- 
tions in moisture or temperature during subsequent storage or 
even to method of storage as whether in air, water or sand. 

• Assistant Engineer, Department of Water Supply, New York, N. Y. 

(323) 
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The present stage is that of experiment and compilation of facts, 
at best an art in a crude state. 

Experiments at this laboratory are usually made on two 
forms of specimens, two-inch cubes for cement and mortar, 
and cylinders eight inches in diameter and six inches in length 
for concrete. The water is applied under pressure over the full 
end area of the specimen, and is forced through its entire 

Standard Permeability Mixes Nos. i and 2, Mortar. 

Per Cent. Passing^. 
Sieye No. Aggreg-ate. Including Cement. 

No. 1,1 :3. No. 2,1 :4. 

8 100. 100 100. 

16 69.8 77-:^ 77-:^ 

30 .-o.fi 51.6 54.6 

50 14-6 35-9 35 9 

100 o 23.0 18.4 

200 o 18.7 15.0 

Cement, 25% and 20%. 

Standard Permeability Mix No. 3, Concrete. 

Per Cent. Passing. 
Sieve No. Aggregate. Including Cement. 

I 100 100. 

Yz 61.8 66. 

3 40.4 47. 

4 31.4 39- 

8 22.4 31. 

16 157 25» 

30 90 19- 

50 Z-^ 14. 

100 o 10.2 

200 o 8.3 

Cement, 11.1%. 

Assume 100% cement passing No. 50 sieve. 
Assume 92% cement passing No. 100 sieve. 
Assume 75% cement passing No. 200 sieve. 

length. Our usual method is to determine by means of the more 
easily made and tested two-inch mortar cubes whether any 
material proposed for concrete possesses any degree of water- 
proofing merit, as a preliminary to the concrete tests. 

As a necessary condition for comparable results, where a 
proposed waterproofing material is to be incorporated in the 
mass, and to provide a standard of reference for various aggre- 
gates, graded aggregates of the following mechanical analyses 
are used, the various sizes being screened in the laboratory from 
Cowe Bay sand and gravel, a glacially deposited material con- 
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sisting of quartz, feldspar and hornblende, and containing about 
90 per cent, silica. 

These proportions are based on the "Fuller" mechanical 
analysis curves with, however, the aggregate passing No. 100 
sieve rejected in order to secure a measurable amount of leakage. 
The proportions of cement were fixed after some experiment. 
For mortar, 25 per cent, cement, or the ordinary i : 3 proportions, 
resulted in a product too nearly impervious to serve the purpose 
intended. 

The effect on the strength of concrete of any waterproofing 
material incorporated in the mass is of parallel interest with its 
eflFect on permeability. Corresponding strength tests in both 
tension and compression for mortar and in compression for 
concrete are usually made. 

In comparing different aggregates by means of permeabil- 
ity tests consideration is given to the variations in volumes due 
to differing specific gravities, such weights of each being taken 
as will give equal absolute volumes; that is, equal volumes of 
solid particles. Our standard of specific gravity for aggregate 
is 2.67 that of Cowe Bay material. 

For materials used as a substitute for Portland cement, 
a similar correction applies, the specific gravity of Portland cement 
being taken 3.15. For example, if a natural cement of specific 
gravity 2.90 is to be compared with Portland cement, the weight 
of the natural cement taken is corrected in the ratio of 
2.90:3.15, this method giving equal volumes of absolutely 
solid particles of the, two materials. Equal weights of the two 
materials would obviously result in richer volumetric proportions 
of natural cement mortar. 

Attention is here called to the necessity of ascertaining for 
the interpretation of published results of tests in which natural 
cements, hydrated lime or other light specific gravity materials 
have been substituted for Portland cement, whether the pro- 
portions were taken by weight or by absolute volumes. 

Our standard permeability test is to place the specimen at 
twenty-eight days' age under 40 pounds hydrostatic pressure for 
a period of one hour, the leakage reported being the total amount 
in grams passing during the last ten minutes of the test. For 
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certain purposes the results are expressed as gallons per square 
foot per hour. 

Clay and Alum.-^A paper on waterproofing of concrete 
recently contributed to the Transactions of the American Society 
of Civil Engineers by Mr. Richard H. Gaines, chemist of the 
Board of Water Supply, has attracted wide attention and received 
much favorable comment. So widely has Mr. Gaines' paper 
been quoted that it is unnecessary for me to repeat the results 
of his researches here. Only the briefest summary will be g^ven. 



Tablb No I —Permeability and Strength op Concrete. 
Standard Permeability Proportions No. 3. 



WatorproofinK 



None 

I % alum sulphate. . 
5% clay and 1% 

alum sulphate 

S%clay 

10% clay 

iS%clay 



Grams passing in 10 

minutes. 


Age in 
days. 


Test 
No. 


Compressiv 
per squa 


1 ■ ' 

Pressure 
, 40 lbs. 


Pressure 
80 lbs. 


a8 days. 


45 





28 
28 


97 
98 


1,465 
1.795 


I 




28 


99 


1.750 


11* 




28 


100 


1.815 





2 


28 


lOI 


» • ■ ■ • 







28 


104 


1.585 



3 months. 



1,770 
a. 390 



2.870 
2,265 



Three specimens to a test. 

Percentages of sand by weight replaced by clay. 

• Two of three specimens absolutely impervious. Tests of these materials in 
mass concrete in open air indicated that the clay retarded the setting 24 to 48 hours. 
On the other hand, laboratory experiments proved clearly that the clay increased the 
tensile strength at ages of 3, 5 and 7 days. 

Mr. Gaines showed by experiment that practically imper- 
vious mortar of i : 3 proportions with ungraded Cowe Bay sand 
can be secured either by the substitution of 5 per cent, to 10 
per cent, of finely powdered colloidal clay for an equal weight 
of sand, or by replacing the mixing water with a 2^ per cent, 
or a 5 per cent, solution of potash alum, or by a combination of 
both processes. The reasons for the adoption of these processes 
and the explanation of their action involves the discussion of 
several phases of molecular physics and electro-chemistry, which 
are too complex to introduce here. Experiments with these 
materials have been continued and extended to tests on concrete 
specimens 8x6 inches in size. The results so far generally 
confirm the earlier experiments in giving both decreased per- 



Davis on Waterproofing Cement Structures. 327 

mcability and increased strength. For lack of sufficient experi- 
mental data and the final trial of application to practical condi- 
tions claim is not made that the solution of the waterproofing 
problem has been found. Results so far warrant considering 
these processes as probably of great value. 

Strength tests to three months' age with commercial hydrated 
lime indicate that the tensile strength is slightly reduced by 
5 per cent., and reduced 20 per cent, by 10 per cent, hydrated 
lime; for greater percentages of lime there is increased loss in 
strength. In compression there was generally a small gain in 
strength to three months with 5 per cent, and 10 per cent, hydra- 
ted lime, but a loss at the six months' period. One brand of lime 

Table No. 2. — Hydrate op Lime, Chemically Pure. 
Mortar 1:3. Portland cement. 



Waterproofing. 



None 

Hydrate of lime 5 
Hydrate of lime 10^ 



/c 



( 



Leakage . ! No. of 

Grams in 10 Akc in days. si>eoimcnsin 



minutes. 



4 
I 

70 



32 
32 
32 



average. 



3 
3 



The percentage of lime replacing an equal weight of cement. 

showed a gain in strength to three months' age, where propor- 
tions up to 30 per cent, were used, but a final loss at six months. 
It is recognized that these tests are not sufficiently extensive 
to prove the merits of this class of materials as waterproofing. 
Regarding their chemical action, Mr. Gaines states: "Hydrated 
lime is but very slightly soluble, and there can be little chemical 
action resulting from its use unless in the presence of an elec- 
trolyte.'* Its action in decreasing permeability under ordinary 
conditions of use must therefore be physical rather than chemical, 
and must consist in simply filling of the pores by its finely 
subdivided particles. 

Puczolan Cements. — Tests on puzzolan cements have been 
made as shown in Table No. 3, which indicates considerable diflFer- 
ence between the two brands used. Brand No. i giving very high 
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rate of leakage in proportions i : 4, but very noticeable benefit 
in proportions i : 3. Brand No. 2 gave tight mortar under all 
conditions. This table gives an example of correcting the 
weights for different specific gravities. 

General Note for Tables Nos, 3 and 4. — Specimens stored in 
damp closet 24 to 48 hours as required for setting, the sides rough- 



Table No. 3. — Permeability of Mortar. 
Puzzolan cements in proportions i :3 and 1:4, 



Cement. 



Portland 
Portland 
Portland 



Puzzolan Nc). i . 
Puzzolan No. i . 
Puzzolan No. i . 
Puzzolan N(j. i . 
Puzzolan No. 2 . 
Puzzolan No. 2 . 
Puzzolan No. 2 . 
Puzzolan No. 2 . 



Sand. 






Co we Bay, passing No. 4 

sieve 1:3 

Co we Bay, permeability 

analysis 1:4 

Cowe Bay, permeability 

analysis ' 1 :3 

Cowe Bay, passing No. 4' 

sieve | o . 9 14 

Cowe Bay, passing No. 4 

sieve o-9'3 

Cowe Bay, permeability 

analysis 

Cowe Bay, permeability 

analysis 

Cowe bay, passing No. 4 

sieve 

Cowe Bay, passing No. 4 

sieve 

Cowe Bay, permeability 

analysis 

Cowe Bay, permeability 

analysis ; 0.92:3 



0.9:4 

0.9:3 

0.92 :4 

0.92:3 

0.92 :4 



K aT 


• 

C 

if 


$■%(! 




<M ** 


& 




(A 


309 


2 


90 


6 

1 



Trace 
1,172 



107 

Trace 
o 
o 

Trace 



3 

^ 
6 

6 

6 

6 

6 

6 

6 






20 
182 

69 
244 
246 

245 
247 

248 

250 

249 



ened, then immersed 24 hours, cased and stored in open air 
on wet concrete floor and sprinkled with water twice a day. 
Bottoms of specimens were always damp. Test Nos. 20, 69 
and 182 specimens stored in damp closet 24 hours, then buried 
in damp sand 18 days, roughened, immersed 24 hours, cased and 
again stored in sand. 

These tests show little or no benefit from mixing Portland 
and puzzolan cements until the proportion of puzzolan 
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is made twice that of Portland. Again the superiority of puz- 
zolan brand No. 2 is shown. It is noticeable that both brands 
gave highest rate of leakage in proportions 1:1. 

Improved Cements, — A series of tests on two brands of 
"improved" cements, i : 4 mortar by weight with our permeabil- 
ity sand, show this class of materials used in this manner to be 
of no value in decreasing permeability. 



Table No. 4. — Permeability of Mortar. 
Puzzolan and Portland cements mixed. 



Cement. 


Sand. 


Propor- 
tions. 


Average 

leakage. 

grams. 


No. 
specimens. 


• 


Portland 


Co we Bay, permea- 
bility analysis 


1:4 


90 


6 






182 


Portland 2. 
Puzzolan No. i .9... 




•97-4 


197 


6 


220 


Portland i. 
Puzzolan No. i .9... 


, 


• 95 A 


712 


6 


221 


Portland i. 
Puzzolan No. i 1.8.. . 




•93:4 


39 


6 


222 


Portland 2. 
Puzzolan No. 2 .92.. 




• 97 A 


37* 


6 


223 


Portland i. 
Puzzolan No. 2 .92.. 




.96:4 


84 


6 


224 


Portland i. 
Puzzolan No. 2 1.84.. 




■95:4 


18 


6 


225 


• Age 33 dasrs. 













Portland Cement and Fine Sand Mortar. — The use of fine 
sands with crusher-run stone or ordinary gravel as coarse aggre- 
gate with usual proportions of cement, the writer considers a 
method of some promise. Four fine sands of similar mineralogi- 
cal composition, chiefly rounded quartz grains, were found to be 
absolutely impervious under 40 pounds pressure in i : 3 propor- 
tions at 28 days' age. Their analyses are given in Table No. 7. 

These tests show that a fair degree of impermea'bility can 
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be secured by the use of a sufficiently fine sand without special 
care in the grading of the coarse aggregate. It should be 
observed that these are not rich mixes, the percentage of cement 
being 12.5 by weight, corresponding to proportions about 1:8 
by volume. 



Table No. 5.— Strength op Mortar op Table No. 4. 
Age 28 days. Proportions 1:3. 



Portland 2 

Portland i . 

Portland i. 

Portland 2. 

Portland i. 

Portland i. 



Cement. 



Strength per square 
inch. 



Tensile. 



Puzzolan No. i 
Puzzolan No. i 
Puzzolan No. i 
Puzzolan No. 2 
Puzzolan No. 2 
Puzzolan No. 2 



337 

.9 360 

1.80 302 

.92 330 

.Q2 282 

1-84 439 



Compres- 
sive. 



970 
810 

765 
1.085 

780 

780 



STRENGTH TESTS. 



These last tests are an exception to the general rule that 
permeability decreases with age of specimen, as the tests at 
thirty-five days* age show. Also the leakage increases in greater 
ratio than the pressure, which is contrary to usual experience. 



Table No. 6. — Strength of Puzzolan Cements. 

Proportions 1:3. 



Cement. 



Portland . . . . 
Brand No. 1 
Brand No. 2 



Strenjfth per square 
inch. Tensile. 



7 days. 



256 
168 

157 



a8 days. 



326 

259 
316 



Strength per square 
inch. Compressive 



7 days. 



970 
680 

775 



28 days. 



1.245 

995 
1,085 



These results were obtained two days ago and the causes of these 
peculiarities are unknown. 

Numerous tests have shown marked decrease in permeability 
with age. In a recent one, in which the specimen was immersed 
in water six days between the tests, the permeability was 
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decreased from 1,740 to 705 grams. In a test of mortars the 
decrease was from 72 to 34 grams. The time between tests was 
three days, and the storage in damp sand. 

The writer believes the greatest advancement in water- 
proofing for general purposes, such as the construction of base- 
ment floors, walls, conduits and dams, is to come through 



Tablb No. 7. — Mechanical Analysis op Sand. 





Max. 
Size. 

• 


Per 
• cent, 
above 

No. 4. 


Unif. 
Cocff, 


Per cent, passing sieves. 


Sand No. 


No. 4. 


No. 8. 


No. 16. 


No. so. 


No. 
100. 


No. 
aoo. 


Sand No. 9. 
" No. 14. 
" No. 16. 
" No. 18. 


•30 
1. 00 

.55 
.20. 


20.7 

3.4 
.0 


2.64 
4.12 
2.16 

1.95 


100 
100 
100 
100 


97.0 
88.7 
98.7 
98.8 


92.1 
72.9 
96.1 

97-9 


27.8 
23.4 
49-5 
46.3 


55 

6.3 
8.2 

4.0 


2.0 

2.5 
3.4 
I.I 



securing practically impervious mass concrete, rather than by 
the use of surface washes or asphaltic coatings, useful as these 
may be in many cases. For resistance up to, say, 50 feet head 
of water, the art is sufficiently advanced, so that the question 
is which of several processes is the cheapest, rather than is it 
practicable to build water-tight work in concrete. 



Table No. 8. — Portland Cement Concrete. 

Aggregate, crushed sandstone 1.75 to .2, with screenings passing No. 4 
sieve mixed with fine sand. 8 inch cylinders. 



Proportions. 



By weight. 



1:2.25:4.75 
1:1.75:5-25 



Approximate 
volume. 



1:2.59:5-52 
1 :2.o2 :6.ii 



Average leakage. 



Age 28 
days. 

Pressure 
40 lbs. 



14 

5 



Age 35 days. 

Pressure 
40 lbs. [ 80 lbs. 



17 
9 



no 
68 



No. of 
specimens. 



3 
3 



Compress- 
ive strength 
per square 
m. 8" X 16" 
cylinders. 
Age 28 
days 



790 
870 



SUMMARY. 



Generous use of Portland cement will secure impervious 
concrete. Several structures, such as reinforced dams, stand- 
pipes and tanks have been successfully built with the concrete 
mixed in the ordinary manner in proportions about 1:2:4 or 
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1:2:3, without special care other than to secure a wet con- 
sistency. These results are in general confirmed by the investi- 
gations of this laboratory. Tests not here given show that 
ordinary sands in mortar in proportions i : 2J/2 or richer are 
impervious. Also, so-called sand or silicon cements make a 
somewhat tighter mortar than Portland cements. 

By scientifically grading the aggregate, Mr. William B. 
Fuller has successfully built tanks with thin walls, of proportions 
about 1:3:7. Whether it is cheaper to use the larger quantity 
of cement or to grade the aggregate depends upon the relative 
local prices of cement and of aggregate and the size of the 
work. These are the proved methods that are free from doubt 
as to enduring efficiency and strength and are of reasonable costs. 

Table No. 9. — Mechanical Analyses of Mixed Screenings and Sand. 





Max. 

Size. 


Per 

cent, 
above 
No. 4. 


Unif. 
Coeff. 


Per cent, paming sieves. 


Sand. 


No.4- 


No. 8. 


No. z6. 


No. 50. 


No. 
100. 


No. 
aoo. 


Sand and 
screenings . 


.20 





4.60 


100 


90.1 


84.1 


57.« 


22.5 


Z0.9 



It should be remembered that troweling on a plaster coat 
of mortar or washing with thin grout are but modifications of 
use of rich proportions of Portland cement. 

The use of finer sand than is usually accepted for ordinary 
concrete work may prove to be of special value. Its advantage, 
if successful, will consist simply in cheapening the process of 
grading ordinary materials to an ideal analysis. Its effect on 
reducing strength is well known, and its use will in some cases 
be limited by strength requirements. 

Puzzolan and sand cements are superior to Portlands in 
securing impermeability, but they are somewhat inferior in 
strength. Colloidal clay as a substitute for 5 per cent, and 10 per 
cent, of the sand, or the substitution of i per cent, or 2j^ per 
cent, solutions of alum sulphate, or possibly other electrolytes for 
the mixing water may prove cheap and effective processes. The 
writer holds aloof from stronger recommendations at this time 
because of the limited range of the experiments and the undeter- 
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mined effect on permanence of strength. Successful application 
of the clay process would require special appliances for drying, 
pulverizing and mixing. 

The degree of impcrviousness which may be expected from 
methods above described is such as to meet ordinary conditions, 
as the demand for dry basements, roofs and walls, and the 
storage of water or its conveyance under moderate heads without 
objectionable loss or resulting damage from its escape. 

Two questions of great importance, the solutions of which are 
being sought, are whether a greater degree of protection for 
reinforcing steel than can now be secured is necessary, and 
whether it is practicable to construct in reinforced concrete to 
resist hydrostatic heads of 100 to 300 feet, such as is demanded 
for great dams and pressure conduits. 

One of the results of investigations at this laboratory has 
been to confirm the often observed phenomenon of increasing 
imperviousness with time, commonly called the result of the 
"silting up" of the concrete. The action has not been fully 
explained, but whether it is physical or chemical, or whether it 
has some analogy to the schmutzdecke of the sand filter, he who 
would construct impervious concrete may count upon its coming 
to his aid, at least under conditions of moderate head of water 
in continued contact. 

One set of experiments with mixtures as lean as 1:4:14 
intended to secure the maximum possible degree of permeability 
to serve as drainage blocks through which seepage water might 
be carried away, became so nearly impervious in 24 hours under 
a head of 20 inches as to make their use for the purpose intended 
doubtful. This was with the flow perpendicular to the bed of 
the blocks. With the blocks so placed that the flow was parallel 
to the bed, the flow was greatly increased. 

The difficulties in securing perfect workmanship in mixing 
and placing the concrete, and avoiding the formation of bidding 
planes through the mass, are greater than are those resulting 
from lack of knowledge of what should be done. 



PROGRESS IN INVESTIGATION OF CEMENT MOR- 
TARS AND CONCRETES IN THE STRUCTURAI^ 
MATERIALS TESTING LAHORATORIES OF 
THE U. S. GEOLOGICAL SURVEY, 
ST. LOUIS, MO. 

By Richard' L. Humphrey.* 

In the interval which has elapsed since the opening of the 
Model Testing Laboratory of the Association of American Port- 
land Cement Manufacturers at the Louisiana Purchase Exposition, 
September ist, 1904, a great deal of work has been done in the 



FIR. I. — GeNEBAL VIEW or LABORATORIES. 

enlargement both in the equipment and the scope of what is now 
the Structural Materials Testing Laboratories of the U. S. Geo- 
logical survey. The Laboratories are to-day, by all odds, the 
best equipped in this country and possess facilities for making the 
various tests required in the investigation of structural materials. 

■ConBuhing Enein«r, Harrison Building, rhilidelphia. Pa. 
Aeknowltdgtmnn for cuts usird in this papor it made as follows: 
American Society for Tiling Matrriafs, Figs, i, lo and 13. 
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By reason of the urgent need for information on the subject of 
Concrete and Reinforced Concrete the work has been largely con- 
fined to tests of this material. There has probably never been 
attempted such an elaborate series of investigations and the result 
shonid be of the highest possible value to every user of cement, 
I'he main value Hes in the fact that the investigations are of a prac- 



W OF CONSTITUENT MATEKIAU UABORATOHV. 

tical character, covering studies as to the working stresses to be 
used in the design of various forms of concrete construction. 

A general view of the laboratories is shown in Fig. i. The 
cement pavilion shown in the foreground is occupied by these 
laboratories, the central wing housing the Constituent Materials 
Division in which tests are made of cement and mortars of sand 
and stone and gravel screenings, the other wing being used as the 
headquarters or offices of the laboratories. The building in the 
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background to the right is the Metal Pavilion, a building 60 x 100 
ft., to which an additional story has been added. In this building 
are found the larger and principal testing machines of the Labora- 
tories and here the large full-size structural members of concrete 
are made and tested. On the upper floor investigations as to 
permeability and the waterproofing properties of the various com- 
pounds are carried on. The building to the left is the Foundry, 



FIG. 3.— MOIST ROOM FOR STDRAGC OF TEST PIECES. 

and is connected with tlie Metal Building by means of a closed 
passageway. In the Foundry will be found the storage bins for 
the various sands, gravels and stones required in the investiga- 
tions, the Power Plant for the operation of the Laboratories, the 
Machine and Rlajcksmith Shop, the Photographic Laboratory, the 
Chemical Laboratory, the Constituent Materials Laboratory in 
which the various aggregates of concrete are tested with standard 
mortars, and the Cement Block Factory in which the value of 
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the cement block as r^ards its strength and fire resistive qualities 
are being investigated. 

A detailed statement of all the investigations now under way 
at these laboratories would be impossible within the limits of this 
paper, and only a running comment on the work which has been 
completed and that which will be undertaken, together with the 
principal views of the laboratory, will be attempted. During the 



period in which this work has been in progress it should be noted 
that about 40,000 tests have been made, comprising the testing of 
247 samples of crushed stone, 86 samples of sand, 54 samples of 
gravel, as the constituent materials of concrete. These materials 
were collected by a special representative from the actual deposit 
of the material in the various parts of the country. The testing 
of these samples Involved the making and testing of over 14,000 
briquettes, 4,000 transverse test-pieces, 8,000 two-inch and 800 
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six-inch cubes, and 1,000 eight-inch cylinders. In addition to this, 
i/x> beams of concrete and reinforced concrete 8x11 inches by 
13 ft., 2,800 cipht-inch cylinders, 1,500 six-inch cubes, i,6oa build- 
ing blocks, 600 permeability tests, 7 reinforced concrete slabs of 
10 ft. span, and over 10,000 chemical analyses have been made. 
There have also been made in the Underwriters Laboratories at 



FIC. 5.— HEINFOHCKD CONCRETE BEAM READY FOB TEST. 

Chicago tests of 30 panels of various building materials to de- 
termine their relative fire-resistive values, A great deal of this 
data has been worked up and is now available in the form of Gov- 
ernment bulletins issued by the U. S. Geological Survey. There 
is on hand data for over 20 bulletins and I feel quite sure that 
the information obtained will be of inestimable value to the struc- 
tural world. 

In general it may be stated that the work consists first of 
investigations of the various sources of supply of the constituent 
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materials of concrete with the primary object of determining the 
properties and strength of concrete- The study of this material 
is then undertaken by molding it into various structural shapes 
and so treating it as to develop its maximum strength. The 
study begins with the beam and is followed by the investigation of 
columns, floor slabs, connections of various structural parts, and 
finally tests of full-size structures of the material. Tests will also 



FIG. 6.— CFMENT BLOCK INVESTIGATION HtvlSION. 

be made of concrete made by various contractors in comparison 
with similar test pieces made by the Laboratories foi the purpose 
of determining the difference between theory and practice and for 
evolving factors of safety. Since the underlying principles of 
the material are under investigation every effort has been made 
to make, store and test the various test pieces under as nearly 
theoretically perfect conditicms as possible, the object being to 
eliminate every possible aource of error so that the variables which 
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are under consideration will be those which affect the strength of 
the material under test. The tests thus far as made in these labo- 
ratories have demonstrated that the concrete is of immeasurably 
better quality than is found in actual work, but to my mind this, 
instead of being an argument against laboratory tests, is rather 
an argument for them. They indicate that practical construction 
is very poorly executed, that we should get a great deal more 



FIG. 7. — MOIST STORAGE BOOM POD CEMENT BLOCK. 

Strength out of concrete than we do, and that the remedy is to ex- 
ercise greater care in the making and "placing of concrete. 

In Fig. 2 will be seen the interior of the Constituent Materials 
Laboratory in which the tests are made for determining the rela- 
tive value of the constituent materials of mortars. 

The view shown in Fig. 3 is the storage room in the Metal 
Pavilion and shows the manner in which full-size test beams and 
other structural parts are stored and handled. 



Humphrey on Investigations at St. Louis, 341 

Fig. 4 shows the testing machines in which the pieces are 
tested, and in Fig. 5 a beam of reinforced concrete is seen in the 
machine ready for test. 

The study of reinforced concrete involves first the study of 
the constituent materials the strength of concrete made from these 
materials in various proportions, the properties of the reinforce- 
ment commonly used, and finally the strength of the resultant 



nc &— CEMENT BLOCK UNDER TBANSVEHSe TEST. 

combination of the two materials. In addition to this work on 
reinforced concrete, the Laboratory is also concerned with an 
investigation of the properties of cement block as commonly made 
for the purpose of developing a block which will give a maximum 
resistance as a structural material and also one which is water 
tight, and finally a block which will offer the greatest resistance 
to fire. These tests are now alt well advanced and the results 
will appear in a very short time as bulletins in which will also be 



342 Humphrey on Investigations at St. Louis. 

reported the strength and other properties as the result of tests 
of over 1, 600 blocks. A view of the block machines is shown in 
Fig. 6, Here will be seen the machine for mixhig the material 



;. 9.— SIEAU CVRINC APPARATUS. 



from which the blocks are made, and through the doorway in the 
background to the right the testing machine in which the blocks 
are tested. Fig. 7 shows the storage room for blocks. 

Fig. 8 shows one of the blocks in the testing machine where 
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it is being tested (or its transverse strength. Five different types' 
of machines have been used in making these blocks, representing 
the various types of machines on the market, selected by a com- 
mittee by the United Concrete Block Machinery Manufacturers' 



FIC. 10.— APPARATUS FOB PEFMEABiLITY TESTS. 

Association, A full description of the methods used may be 
found in Bulletin 329 of the U. S. Geological Survey. 

In general, the tests made seem to indicate that the rich, wet 
mixtures give blocks of greater strength and density and the best 
fire resistive properties. A matter of vital interest to every block 
maker is the tests which are being made to determine whether 
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or not the hardening of cement mortars and concrete may be ac- 
celerated by artificial means. For this purpose a steam cylinder 
has been installed, shown in Fig. 9, in which little cars containing 
the test pieces can be rolled into the cylinder, the end closed, and 
steam under varying pressures and different degrees of humidity 
admitted. The indications from these tests show that strengths 
obtained ordinarily in seven or twenty-eight day periods may be 



obtained in the course of one or two days. The tests also show, 
however, that where the steam is at high pressure and dry, the 
strength of the test pieces is materially injured and in many cases 
actually destroyed by such treatment. 

Investigations are also under way for the purpose of deter- 
mining the strength of concrete in shear, tension and compression, 
this information being desirable in the studies of the strength and 
other properties of reinforced concrete. 
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The watertightness of cement mortars and concrete is a mat- 
ter of great interest in the case of the hollow cement block. It is 
important because it is necessary that the block shall be watertight 
so as to prevent moisture from coming through the walls of a 
dwelling and making them damp on the inside. In the case of 
concrete used in conduits, dams or the lining of subways or similar 
cases, it is highly essential that it shall be watertight. There is 



r PANEL AFTER FIBINC. 

under investigation the properties of properlj' i»ropnrtioned con- 
crete and a study of 30 compounds of various kinds and character 
which are on the market tor rendering concrete impervious to 
water. The resuhs of these preliminary investigations will ap- 
pear in a few months in bulletin form. Fig. 10 shows the ap- 
paratus and method of supporting test pieces for permeability 
tests. Generally speaking, it is found that the concrete if properly 
proportioned so as to secure maximum density, and is mixed wet. 
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it will be watertight and impermeable under considerable pressure. 
A badly proportioned mortar or concrete cannot be made water- 
tight by the use of compounds. A study is being made of the 
value of these materials for damp-proofing purposes, and it is 
expected that considerable valuable data will be secured on this 
subject. 

There is also under consideration a series of investigations 



READY FOR TEST. 

looking to the effect of the various destructive agencies on the 
.strength and durability of concrete. These investigations will 
lake the form of studies of the effects of salt water on concrete, 
the effect of alkaline and other waters both in contact with and 
passing through a mass of concrete. There will also be made a 
study of the effect of electrolysis on concrete, a matter of great 
importance which is claiming the attention of those who have the 
welfare of this material at heart. 
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A series of tests that perhaps from the practicable point of 
view appeals most strongly to the laymen are the investigations 
of the fire-resistive properties of the various building materials 
which have been made in the test furnaces at the Underwriters 
Laboratories in Chicago. Probably the most important work 
which can be undertaken at the present time is that which leads to 
a better knowledge of the fire-resistive properties of our building 
materials, especially if there will result from such investigation 
more stringent laws which will insure a class of buildings offering 
a far greater resistance to fire than the badly constructed and 
falsely labeled "fireproofs" of the present time. The enormous 
yearly per capita losses from fire in this country, where enormous 
sums of money are expended yearly to maintain elaborate systems 
for fighting fire, are in glaring contrast to the extremely low per 
capita losses in the principal foreign cities where the expenditures 
and equipment for fighting fires are insignificant as compared 
with ours, but where the laws are so stringent that only buildings 
of the highest fire-resistive type can be built. The investigation 
of this important subject may be divided into three groups, first 
the preliminary comparative study of the relative fire-resistive 
properties of the various building materials, second the rate of 
conductivity for heat of these building materials, and third full 
size tests of structures fireproofed in accordance with the results 
of the investigations under the first two groups. 

The completion of the tests of the thirty panels are part of 
the preliminary studies and in general serve to confirm the com- 
parative behavior of these materials in such great conflagrations 
as at Baltimore and San Francisco. The coarse grained granites 
and stones of various kinds, stones in which carbonate of lime 
and other volatile material occurs, are disintegrated and badly 
injured by heat treatment. The finer grained granites and stones 
behave much better, but none of these passed through the test as 
satisfactorily as materials of low heat conductivity or clays which 
have already been fired at high temperatures. Perhaps the best 
material is the hard-burned brick and this passes a fire test better 
than the ordinary types of terra cotta hollow tile fireproofing. 
The reason for this is that the expansion due to heat cracks the 
thin webs of the tile and causes them to drop out. In the case of 
brick the numerous joints probably take up the expansion due to 



348 Humphrey on Investigations at St. Louis. 

heat and as a result the effect of this expansion is not so disastrous. 
The tests of concrete reveal the fact that the richer and wetter 
mixtures offer greater resistance to fire than the leaner, dryer 
mixtures, and the low rate of conductivity seems to indicate that 



nii. 14— HENN1NGE.\TENSUMETER FOB MEASURING EU)NGAT[OK OF STKO. 

tliis is an invaluable material for fireproofing purposes, especially 
in view of its plastic qualities which enable it to be readily ap- 
plied. 

Fig. II is a view of the test furnace and shows the panel in 
which the various building materials are walled up for testing. 
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This panel is rolled into the furnace and a gas flame applied to its 
surface for a period of two hours, heating and maintaining the 
face of the material under test at 1700 degrees, which tempera- 
ture is obtained within one-half hour from the start of the test. 



nc. 15,— METHOD OF MAKING BOND TEST. 

Immediately at the expiration of this time the furnace is release<1 
by a latch and the panel is pulled by a weight into the position as 
shown in Fig. 9 and the heated surface cooled with water under 
20 lbs. pressure at a distance of 20 feet, see Fig. 12. The test is 
so severe that practically none of the material thus far tested came 
through without more or less damage. It is valuable, however. 
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in that it offers a means of comparing the behavior of the various 
materials. 

Views of specimens under test for shear, elongation and bond 
are shown in Figs. 13, 14 and 15. 

The work of the Laboratories of the U. S. Geological Survey 
is made possible by annual appropriations by Congress, and it is 
hoped that Congress will see fit to continue these appropriations 
until the investigations now under way shall have been completed. 
Concrete, by reason of its flexibility as a plastic material, its cheap- 
ness, its durability and its fire-resistive properties, has become so 
important a building material as to make it imperative within a 
very short period of time to obtain a far more accurate knowledge 
of its properties than is possessed at the present time. Concrete 
is being extensively used and in an ever increasing degree. Its 
success in this line has been due almost entirely to its cheapness, 
and in order to maintain this position, which will be necessary 
to be able to continually decrease the cost of concrete construction 
which can be only secured through the information above referred 
to which will make it possible to use the material far more eco- 
nomically than is permissable in the light of our present knowl- 
edge. In planning the investigation in the laboratories special 
effort is made to make those tests which will be of the greatest 
interest to cement users. Therefore, suggestions or requests for 
information are always welcome so they may be taken into con- 
sideration in the planning of the tests. 
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R. Z. Snell Manufacturing Company, South Bend, Ind. 

Adam Hunsberger. 
John P. Schuyle, Medina. X. Y. 
Hutchinson Concrete Company, Hutchinson, Kan. 

F. S. Phipps. 
Standard Cement Brick Block Company, Montreal, Canada. 

T. A. Chadbum. 



UvST OF EXHIBITORvS AND THEIR ATTENDANTS, 

FOURTH CONVENTION. 



American Cement Company, Philadelphia, Pa. 

R. W. Lesley, C. F. Peters, J. L. Seligman, R. E. Pren- 
dergast, C. M. Camm, E. A. Trego. 
The American Contractor, Chicago, 111. 

E. L. Waite. 
American Steel and Wire Company, Chicago, 111. 

H. S. Doyle, R. H. Pratt, W. H. Jennings, A. G. Breenburg. 
American System of Reinforcing, Chicago, 111. 

Arthur A. Clement, D. J. Calkins, F. Djorup, W. A. Collins, 
G. E. Bukford, C. R. Pierce. 
Anchor Concrete Stone Company, Rock Rapids, la. 

Charles W. Bradley, S. D. Runker, John Olsen, E. Hunting- 
ton, Charles Shade, C. A. Moses, L. B. Leach, J. M. 
Persons, E. O. Kick, A. S. Wold, C. H. Moyer. 
Aquabar Company, Philadelphia, Pa. 

Robert W. Maust. 
Ashland Steel Range and Manufacturing Company, Ashland, O. 
U. S. Shelly, A. J. Bentz, Charles Finley, W. F. Dodge, 
Charles Gilbert, C. L. Brooks. 
Association of Apierican Portland Cement Manufacturers, Phila- 
delphia, Pa. 
Percy H. Wilson, Secretary, C. Earle E. Bottomly. 
Atlas Portland Cement Company, Catasauqua, Pa. 

Edward D. Boyer, P. Austin Tomes, P. M. Magiff, C. W. 
Cowles. 
Louis Auer & Son, Milwaukee, Wis. 

W. Porth, Jr., August Reichert, Mrs. August Reichert. 
Automatic Level Company, Toledo, O. 
H. C. Ruswell. 

Ballau Manufacturing Company, Belding, Mich. 
B. B. Swartwant, J. C. Ballau, B. F. Brown. 
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Barrett Manufacturing Company, New York. 

L. P. Sibley, Wm. L. Babcock, C. B. Jameson, L. P. Libby, 
Berkshire White Portland Cement Company, New York. 

J. O. Orvill, Albert Denivelle, J. Robertson. 
Besser Manufacturing Company, Alpena, Mich. 

J. H. Besser, Ben Cole, William Michaels, W. J. Besser, 
L. N. Kelly, James Smith, Henry Besser. 
Blanc Stainless Cement Company, Allentown, Pa. . 

C. H. Kooman, W. H. Boughton, A. D. Lee. 
Blaw Collapsible Steel Centering Company, Pittsburgh, Pa. 

Jacob B. Blaw, M. Lehman, William Larterman, Mrs. J. 
B. Blaw, F. T. Davis, Edward Deveraux, S. Lehman. 
Brock Brothers Manufacturing Company, St. Louis, Mo. 

Holden E. Brock, James Brock. 
Buffalo Burial Vault Company, Buffalo, N. Y. 

John J. Maher, Jos. Scholl, Charles Golden, Charles Stohe, 
Thomas Fallon. 
Buffalo Concrete Mixer Company, Buffalo, N. Y. 

W. J. Kennedy. 
Buffalo Litholite Company, Buffalo, N. Y. 

J. E. Dennis, W. T. Bronley. 
Buffalo Steel Company, Buffalo, N. Y. 

J. G. Josephs. 

Burrell Manufacturing Company, Bradley, 111. 

M. Burrell. 
California Artificial Stone Supply Company, Ivos Angeles, Cal. 

J. C. Beatty, R. G. Rittenhouse, Frank Cock, Charles Deverall. 

Cement Age, New York. 

John P. Slack, Mickle Berry, F. F. Lincoln, Robert W. 

Lesley, E. A. Trego. 

The Cement Era, Chicago, 111. 

H. W. Baumgartner, H. Prime Keiffer, Wm. E. Keeler, 

J. E. Montgomery, Miss H. W. Baumgartner 

Cement Machinery Company, Jackson, Mich. 

Sidney L. Wiltse, J. C. Lautenslager, Harry F. Abbott, 

David Connally, W. F. Cowham, Harry Woods, William 

Walker, Asa Adams, John Schlageter. 

Cement Tile Machinery Company, Waterloo, la. 

F. J. Pfiffner, J. H. Stewart, H. J. Pfiffner, Frank Schwartz. 
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Cement World, Chicago, 111. 

E. L. Hatfield, William Reuther, Watson Anthony, E. M. 
Newton, C. R. W. Edgcombe, W. W. Ashy, W. A. 
Radford, M. C. Garden. 
Century Cement Machine Company, Rochester, N. Y. 

A. T. Bradley, H. R. Morton, O. D. Tiflfany, S. Finley. 
Chase Foundry and Machinery Company, Columbus, O. 

W. C. Stocklin, S. M. Chase, J. H. Root, H. P. Neal. 
Chicago Concrete Machinery Company, Chicago, 111. 

E. H. Clements. 
Clover Leaf Machine Company, South Bend, Ind. 

W. O. Williams, C. A. Moore, E. E. Sorse. 
Concrete Age, Atlanta, Ga. 

H. E. Harman, G. C. Walters, Miss Lindsley. 
Concrete Publishing Company, Detroit, Mich. 

E. R- Kranich, Walter C. Boynton, E. B. Wolfrom, R. 
Marshall, E. de la Saux, James Morton. 
Concrete Spade Manufacturing Company. Chicago, 111. 

C. C. Butler, O. H. Buck, Mrs. O. H. Buck, Geo. W. Task- 
worthy, J. J. Carlisle. 
Concrete Stone and Sand Company; Youngstown, O. 
Smead C. Craft, Coldwater, Mich. 

John Fink. 
D. & A. Post Mould Company, Three Rivers, Mich. 

Orville Dougherty, J. W. Armstrong, James B. Roberts. 
Diamond Cement Machine Company, Toledo, O. 

John Vogt. 
Dietrichs' Clamp, Little Ferry, N. J. 

Charles Dietrichs. 
The Dyer Molding Machine Company, Chicago, 111. 

T. D. Henderson, W. E. Dyer. 
Edison Portland Cement Company, Xew York. 

E. Meyer, J. Hawlings, F. Hough, C. Rheinhardt. H. Talbot, 
T. Smith, Morris M. Hunter, W. H. Mason, S. M. 
Williams, M. M. Hutchins, W. G. HawHns, J. L. 
Barnard. 
Eureka Machine Company, Lansing, Mich. 

Fred Fisher, George A. Cooley, James P. Cox, Harry 
Cramer, W. E. Johnson, Oscar Case, A. Kirkpatrich. 
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Expanded Metal Corrugated Bar Company, St. Louis, Mo. 

John E. Conzelman, Dennison Fairchild, John S. Joss, 
Robert Gross, Charles W. Gettman, Herbert Strickman, 
Miss Alice Soley. 
Fillmore Machinery Company, Fillmore, N. Y. 

Samuel G. McFaraghan, W. H. Jeffs, Geo. Pitcher. 
Fisher Hydraulic Stone and Machinery Company, Baltimore, Md. 
W. H. Fisher, J. P. Bullington, W. T. Hayward, C. F. 
Hummel, P. B. Baptist, S. M Wright. 
J. B. Foot Foundry Company, Fredericktown, O. 

J. B. Foot, Jay Foot, Jr., Charles Harry, Leon Brentberger. 
Foot Manufacturing Company, Nunda, N. Y. 
Francisco Cement Block Company, Columbus, O. 

J. B. Francisco. 
Garden City Sand Company, Chicago, 111. 

S. W. Curtis,' C. H. Rose. 
General Fireproofing Company, Youngstown, O. 

D. S. Donahue, E. N. Hunting, W. M. Gallreath, W. H. 
Ham, H. B. McMaster, John Thomas. 
Hartwick Machinery Company, Jackson, Mich. 

J. W. Hartwick, A. B. Kelley, Edw. Schenk, C. D. Pierce, 
H. Pockock, George Pierce, W. A. Smith. 
Hayden Automatic Block Machinery Company, Columbus, O. 

George Friel, W. H. Remington, W. W. Lietz. 
Hickson's Sewer Mold Company, Mt. Gilead, O. 

Thad E. Buck, Joseph Hickson, John Hickson. 
Hollow Wall Machine Company, Fifle Lake, Mich. 

J. S. Hodges, G. E. Hodges, C. F. Lancaster, H. P. Glidden, 
J. N. Gregory, J. S. Hodges, A. G. Penman. 
A. C. Horn Co., New York. 

August Vogel, A. C. Horn. 
Hydraulic Coocrete Machine Company, Buffalo, N. Y. 

H. E. Langdon, 
Ideal Concrete Machinery Company, South Bend, Ind. 

Mentor Wetstein, George B. Pulfer, J. Augustine Smith, 
R. F. Havlick, N. F. Kennedy, O. F. Wampler, C. H. 
Saunders, F. M. Leach, Paul Klebber, George Ayrault, 
Carl Gmeiner, Fritz Schurr, Harry L. McGee, O. K. 
Nelson. 
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International Brick Machine Company, Binghamton, N. Y. 

James B. Scott, Mrs. James B. Scott, William F. Donley, 
George Baylis, Frank Baylis. 
International Fence and Fireproofing Company, Columbus, O. 

R. N. C. Horn. 
International Harvester Company, Buffalo, N. Y. 
Iroquois Iron Works, Buffalo, N. Y. 

F. A. LeClercy, P. S. Dolan, W. D. Thompson, R. Richards. 
M. Jackson Company, Akron, N. Y. 

F. M. Jackson, M. L. Avery, Nelson Hoag, H. L. Stiner. 
George B. Johonnot, Buffalo, N. Y. 

Grover Wheeler, George M. Leiver, J. F. Wendell, William 
Murphy, G. W. Love. 
Journal of Modem Construction, Minneapolis, Minn. 
Kent Machine Company, Kent, O. 

F. A. Kershaw, E. M. Barber, F. H. Merrell. 
Kerlin Automatic Post Machine Company, Delphia, Ind. 

E. W. Bowen, M. F. Kerlin, W. N. May, E. E. Kirkpatrick, 
Andrew Waite, C. P. Wolverton. 
Knickerbocker Company, Jackson, Mich. 

H. Bensinger, W. R. Knickerbocker, C. B. Westren, George 
C. Schaffer, L. Howe, H. Guswinger, E. R. Schaffer. 
Koehring Machine Company, Milwaukee, Wis. 

Phil. Koehring, W. Koehring, F. Obenberger, Edward 
Schenk, H. M. Capoon, William Roseberry, John Miller. 
Kramer Automatic Temper Company, Peoria, 111. 

W. H. Janssey, F. O. Cramer, H. L. Greene, M. Shannon, 
O. M. Jones. 
Lansing Wheelbarrow Company, Lansing, Mich. 

H. H. Ames, A. C. Stebbins, B. S. Gicr, F. M. Seibley, 
Fred Thompson, A. G. Buck, Verplanck. 
P. H. Learner, El wood, Ind. 

E. R. Learner, Mrs. Pearl Learner. 
Lehigh Portland Cement Company, Allentown, Pa. 

C. T. O'Neill, E. C. Shianer 
Little Giant Brick Machine. 

H. H. Armstrong, J. H. Armstrong, F. Mayer. 
Lumen Bearing Company, Buffalo, N. Y. 

Henry F. Russel. F. W. Wanen, H. R. Forbes, W. H. Barr. 
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Dr. Charles F. McKenna, New York. 

P. M. Miles Manufacturing Company, Inc., Niagara Falls, N. Y. 

D. P. Vining, C. E. Vining, C. L. Vining, W. J. Corbett, M. 
J. Moorhouse, George H. Clark, Henry Pierson. 

Miracle Pressed Stone Company, Nicolet Island, Minneapolis, 

Minn. 

Mobile Portland Cement Company, Chicago, 111. 

L. B. Kuhn, J. R. Markley, H. J. Miller. 
Thomas M. Morgan, Westmount, Quebec, Canada. 

William J. Goenthner. 
Multiplex Concrete Machine Company, Toledo, O. 

A. F. Seibel, W. R. Sawson, R. E. Puts, Eli Endsley, J. F. 
Neubauer, G. A. Coalrosel, A. F. Seibel. 
National Roofing Company, Tonawanda, N. Y. 

A. G. Ensign, F. Cristlake, D. Vanwormer, W. W. Fluker. 

National Water Proofing Company, Chicago, 111. 
W. Scott McDonald. 

N. C. Newerf, Buffalo, N. Y. 

New Way Motor Company, Lansing, Mich. 

C. L. McHenry, Sparks, J. Spencer, G. Leason, Newbough, 
Goodnow. 
Northwestern Expanded Metal Company, Chicago, 111. 

Marc E. Jones, F. M. Whistine, A. M. Rush, E. H. Jones. 

Ormsby Mortar Gauge, Xenia, O. 
O. N. Ormsby. 

Parker Hoist and Machine Company, Chicago, 111. 

K. H. Parker, F. H. Parker. 
Peerless Brick Machine Company, Minneapolis, Minn. 

L. V. Thayer, J. J. Palmer, L. M. Thompson, J. U. Thomp- 
son, H. E. Goodwin, G. C. Purdy, J. Halverson. 
Pennsylvania Cement Company, New York. 

W. W. Bale, W. N. Beach. 
Perfection Block Machine, Minneapolis, Minn. 

W. A. Dow, John Peters, Wm. Johnson, James Mailey, 
George Miney, L. Minor, William Kinney, T. Jones, 
George Mathews. 
Queen City Brick Machine Company, Traverse City, Mich. 
C. J. Helm, E. S. Williams, J. E. Smith, A. N. Coutler. 
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Raber Wiltrout Lang Manufacturing Company, Kendallville, Ind. 
Ralph Raber, J. Dull. 

A. J. Ralph & Company, Indianapolis, Ind. 
A. J. Ralph. 

Ray Manufacturing Company, Philadelphia, Pa. 
G. E. Gilbert. 

Runyan Concrete Manufacturing Company, Canal Dover, O. 
C. M. Runwan, C. B. Leins, H. W. Streb, A. N. Kinnebar. 

Sandusky Portland Cement Company, Sandusky, O. 

F. J. Moore, A. St. John Newberry, P. B. Beery, R. R. Fish. 

Sanford & Painter Company, Toledo, O. 

James S. Cox, P. M. Abbott, D. V. Carter, Wm. A. Smith, 
J. E. Stevenson, L. C. Humphrey. 

Simpson Cement Mold Company, Columbus, O. 
H. G. Simpson, E. A. Bending, A. W. Ross. 

R. Z. Snell Manufacturing Company, South Bend, Ind. 

R, Z. Snell, E. Elliott, J. Abbott, S. Lentz, Adam Hursljer- 
ger, Charles Hursberger. 

Somers Brothers, Urbana, 111. 

Frank A. Somers, E. H. Somers, John Gray, D. C. Lear, 
Joseph Lear, J. R. Hoke. 

Simplex Manufacturing Company, Despatch, N. Y. 

William J. Genthner, Mrs. W. J. Genthner, C. M. Mabey. 
Shears, A. King. 

Standard Asphalt and Rubber Company, Chicago, 111. 

Henry Tipper, James R. Volk, G. D. Carr. 
Standard Paving Company, Newark, N. J. 

W. W. Schouler, Clif Mclvay, George Smith. 
Star Cement Block Machine Company, Dallas City, 111. 
Sterling Wheelbarrow Company, Milwaukee, Wis. 

Harold H. Baker. 
Svensen-Shuman Machinery Company, Pittsburgh, Pa. 

John Svensen. 
Syracuse Concrete Block Factory, Syracuse, N. Y. 

Charles E. Zimmerman, Mrs. C. E. Zimmerman. 
Technical Publishing Company, Cleveland, O. 

A. E. Warner, L. G. Hamilton. 
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Thomas Cement Construction Company, Chicago, 111. 

Robert Mann Wood, H. E. Porter, W. L. Skeel, Frank 
Wilson. 
Thompson Cement Stone Company, Towanda, N. Y. 
Toch Brothers, New York. 

Alexander Mcintosh, R. H. Merkel. 
Trussed Concrete Steel Company, Detroit, Mich. 

L. A. Pratt, F. C. Ayres, W. P. Costello, J. B. Mayo. 
Turner Construction Company, New York. 

H. C. Turner, J. H. Perry, H. H. Fox. 
Twentieth Century Tile Roofing Company, Rochester, Mich. 

L. G. Satterlee, P. D. Diamond, William Butterworth, Fred 
H. Stedman. 
United Cement Machinery Manufacturing Company, Plain 
City, O. 

J. W. Sanderson, S. M. Coe, G. Jaeger. 
Universal Portland Cement Company, Pittsburgh, Pa. 

B. H. Rader, J. L. Nelson, F. E. Bryan, W. S. Wing. E. 

R. Diesel, R. H. Hay, J. P. Beck. E. M. Hagar, B. F. 

Affleck, C. W. Boynton, W. M. Kinney. 

Vulcanite Portland Cement Company, New York. 

T. S. Young, Albert Moyer. 

Wadsworth Rowland Company, Inc., New York. 

Edward A. Foster, Walter Fox, F. A. Gunnison, F. A. 

Robins, George H. Kimball. 
Wettlaufer Brothers, Buffalo, N. Y. 

George Wettlaufer, William Wettlaufer, John Wettlaufer, 
William Buebanan, William Buebanan, Jr., Conrad Wett- 
laufer, E. Finley, W. Ridley, William Zahm, John White, 
John Hoffman, Louis Wettlaufer, Isaac Nizer, Albert 
Nichol, Christopher Wettlaufer, Miss Davis. 
Whitehall Portland Cement Company, Philadelphia, Pa. 

C. P. Robinson, H. B. Green. 



REPORT OF THE EXECUTIVE BOARD 

FOR THB YEAR ENDING JANUARY, I908. 

Meetings. — In order to save expense to the Association, the 
Executive Board has limited its meetings during the past year to 
three, one each in April, September and January. There have 
licen many matters requiring attention which have been passed 
upon by the members of the Executive Committee, which has 
met on various occasions, and acted on behalf of the Executive 
Board. 

With the growth of our association it becomes more difficult 
each year to find a suitable place in which to hold the convention. 
Those who have attended previous conventions will readily rec- 
ognize the force of this statement. Very few places can provide 
the facilities for holding so large an exhibition. Furthermore, we 
are obliged to consider our exhibitors, who are under large 
expense. We receive requests to hold the convention in various 
cities, but, as we are unable to judge the facilities offered by 
letter, it becomes necessary for members of the Executive Board 
to personally visit the cities and determine whether the conditions 
offered are adequate. This means considerable expense, not to 
mention the. time contributed by those who make the visits. Or- 
dinariiy, we believe it would be very desirable for the members 
of the Association to determine by vote where each convention 
should be held, but, because of the conditions referred to, this 
seems to be impracticable, and it is recommended, therefore, that 
the time and location of the next convention be referred for final 
action to the Executive Board with power, giving due considera- 
tion to the preference of the members as expressed in convention. 

Proceedings. — The proceedings of the last convention have 
after some delay been published and forwarded to each member 
at a cost of approximately $1,500.00. 

The Executive Board felt obliged, in view of the necessity 
for economy, to defer the publication of the Proceedings until 
at least a portion of the expense had been covered by advertise- 
ments. Tt is hoped that the financial status of the Association 
will soon be such as to admit of the publication of the Proceed- 
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ings without the aid of the revenue derived from the adver- 
tisements. 

Amendments, — ^The Board this year proposes certain 
changes in the By-Laws. Experience has shown that these 
changes are necessary for the quick and economical handling of 
the business of the Association, and we recommend the adoption 
of these amendments as proposed. 

Treasurer's Statement. — The following statement shows the 
condition of the finances of the Association for the fiscal year 

Receipts. 

Convention, Chicago $4,144.98 

Advertising and sale of proceedings 1,165.00 

Interest on deposits 48.00 



Total receipts $Si3S7-98 

Balance, January i, 1907 89a69 



$6,248.67 



DiSBURSKlfENTS. 

Expenses- 
Office $ 811.7s 

Arranging for Convention ia6.oo 

Section on Art and Architecture 42.10 

Meetings of Executive Board 576.59 

Proceedings, 1906 ' 953-85 

Proceedings, 1907 1,404.82 

Honorarium, Richard L. Humphrey 300.00 

Honorarium, C. C Brown 500.00 

Total disbursements $4,517.1 1 

Balance, December 31, 1907 i»73i.56 

$6,248.67 

endingf December 31, 1907. It is a matter of gratification to note 
the constantly increasing balance. This indicates the value of the 
conservative policy of your Executive Board and also the growth 
of the Association. The membership is not nearly as large as it 
should be, and an effort will be made during the coming year to 
materially increase the number of members. 
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Permanent Assistance to the Board, — The Executive Board 
has been much handicapped by a lack of funds to secure proper 
assistance in conducting the affairs of this Association. We be- 
lieve the membership suffers in part, and the management of 
conventions can doubtless be improved by suitable employees, who 
would devote their whole time to the matter. We suggest that 
you consider this matter carefully and authorize the Executive 
Board to employ someone who may devote his time to increasing 
the membership of the Association and arranging the details of 
our next convention. We are of the opinion that whoever carries 
on this work should be a paid employee of the Executive Board, 
who will receive his directions from it and be held responsible for 
results. At some future time, should such an employee prove 
himself capable, it may be desirable to elect him as an officer of 
the Association. 

In conclusion, the Executive Board congratulates the mem- 
bers of the National Association of Cement Users on its continued 
growth and present flourishing condition. Notwithstanding the 
hard times of the year, our exhibition is larger and perhaps more 
comprehensive than any previous one and the attendance of the 
members more general than heretofore. We believe it advan- 
tageous to the interests of the convention to move it from place 
to place. As our purpose is mainly educational, our conventions 
appeal to the residents of the various localities to a marked degree. 
A perusal of our membership list indicates that each time we have 
attracted as new members many persons whose interests are 
local to the territory in which the convention was held. We be- 
lieve the convention will do well to re-affirm this policy. 

Submitted on behalf of the Executive Board. 

Richard L. Humphrey, 

President, 

George C. Wright, 

Secretary, 



MIX'UTES OF MEETINGS OF THE EXECUTIVE BOARD. 



MEETING HELD APRIL 12, I907, AT THE ENGINEERS CLUB, 

PHILADELPHIA, PA. 

The Executive Board met, pursuant to call of the President, 
at 10.45 A. M., April 12, 1907. 

Present: Richard L. Humphrey, President; Merrill Wat- 
son, First Vice-President; H. C. Turner, Treasurer; C. D. Wat- 
son, M. Wetzstein, George L. Stanley, T. L. Condron, E. S. 
Larned, M. S. Daniels, Vice-Presidents. 

Mr. Daniels was elected Secretary pro tcm. 

In the absence of the Secretary, the reading of the minutes of 
the preceding meeting was dispensed with. 

Mr. Turner read a letter from the Secretary, Mr. W. W. 
Curtis, who could not be present, transmitting his report. The 
report showed a balance of $1,956.81, for which a New York 
draft was forwarded to the Treasurer. 

On motion by Mr. Merrill Watson, seconded by Mr. Wetz- 
stein, the Secretary's report was received and placed on file. 

The Treasurer submitted his report, showing a balance of 
$1,144.79. It was moved by Mr. M. Watson' seconded by Mr. 
Larned, that the Treasurer's report be received and placed on 
file. 

On motion of Mr. Condron, seconded bv Mr. Stanley, the 
President was ordered to appoint an Auditing Committee to audit 
the accounts of the Secretary and Treasurer. The President ap- 
pointed Mr. Merrill Watson and Mr. Daniels. 

The President reported that the publication of the Milwaukee 
Proceedings had been completed and the same had been mailed 
to the members. 

Moved by Mr. Stanley, seconded by Mr. Wetzstein, that the 
detailed report of the receipts and disbursements for the publica- 
tion of the Milwaukee Proceedings be referred to the Auditing 
Committee. 
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Moved by Mr. Merrill Watson, seconded by Mr. Turner, 
that the President be authorized to inform the advertisers in the 
Milwaukee Proceedings that the Association will furnish one 
copy for each $i.oo of paid advertisement, and additional vol- 
umes at rate of $i.oo each. 

Moved by Mr. Condron, seconded by Mr. Stanley, that the 
Association send five copies of the Milwaukee Proceedings to each 
author. 

Moved by Mr. Lamed, seconded by Mr. Turner, that the 
President be authorized to grant permission for the re-publication 
of articles which appear in the Proceedings with the understand- 
ing that due acknowledgment be made to the Association. 

Moved by Mr. C. D. Watson, seconded by Mr. Condron, 
that the schedule rates for the advertising space in the Chicago 
Convention Proceedings be as follows : 

Outside — Back Cover Not less than $50.00 

Inside — Back Cover Full Page 35-00 

" HalfPage 20.00 

Inside Front Cover Full Page 35-00 

* HalfPage 20.00 

Inside — Facing Back Cover Full Page 3S.oo 

" HalfPage 20.00 

Inside — Facing Index Full Page 35-00 

" HalfPage 2aoo 

Inside Pages Full Page 25.00 

Half Page 15.00 

. . .-. .Quarter Page 8.00 

Engraving Card 2.00 

President directed to increase back page price if possible. 

Moved by Mr. Condron, seconded by Mr. Stanley, that the 
offer of distribution of copies of the Chicago Proceedings be 
made to advertisers, the same -as in the case of the. Milwaukee 
Proceedings. 

Moved by Mr. Condron, seconded by Mr. Stanley, that the 
Board authorize the establishment of an exchange list of its pro- 
ceedings with other technical societies and technical publications. 

Moved by Mr. C. D. Watson, seconded by Mr. Daniels, that 
it is the order of the Board that all papers to be presented at the 
annual convention shall be in the hands of the Secretary at least 
five days before the opening of the convention, and that the As- 
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sociation reserves the right to exclude from such papers any ob- 
jectionable commercialism. 

A communication from the Chicago- Western Press Bureau 
was read and referred to the President to investigate further. 

It is ordered that proper stationery be supplied to the 
various Vice-Presidents for the use of their sections. 

A communication from Mr. Pulfer was presented, and 
moved by Mr. Condron, seconded by Mr. Daniels, that same be 
referred to a committee of three to report at a later meeting. 
The President appointed Messrs. M. Watson, Turner and 
Wetzstein. 

Moved by Mr. M. Watson, seconded by Mr. Daniels, that 
Mr. H. C. Turner be elected Treasurer of the Association for 
the ensuing year. 

Moved by Mr. Daniels, seconded by Mr. C. D. Watson, 
Resolved, That the Treasurer is hereby authorized to deposit the 
funds of the Association in the Bankers* Trust Company of New 
York. Same to be paid out by the Bankers' Trust Company on 
vouchers drawn on the Treasurer, who will accept them on the 
Bankers' Trust Company when signed by the Secretary and at- 
tested to by the President. 

Moved by Mr. Merrill Watson, seconded by Mr. Wetzstein, 
Resolved, That it be the sense of the Executive Board that the 
next convention of the Association be held in Buffalo on condition 
that assurances made to Mr. C. D. Watson be shown to be 
tangible, viz., that the Chamber of Commerce of the City of 
Buffalo furnish the free use of the old Sixty-fifth Regiment 
Armory, containing at least 50,000 square feet of exhibit space, 
with light and heat ; also a meeting room for the convention pur- 
poses, together with other required facilities, and that all of the 
conditions be subject to the approval of the President, Mr. 
Humphrey. 

The Treasurer reported that the expense of the members 
who attended the Board meeting was $205.15, and, on motion of 
^Fr. Stanley, seconded by Mr. Larned, the Treasurer was ordered 
to pay the same. 

On motion of Mr. Stanley, seconded by Mr. Condron, the 
meeting adjourned at 345 P. M, 
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mtetlno heuj on september 9, 1907, at the marlborough- 

rLENIlEIM^ ATLANTIC CITY, N. J. 

The Executive Board met, pursuant to call of the President, 
at 8.00 P. M., September 9, 1907. 

Present: Richard L. Humphrey, President; H. C. Turner, 
Treasurer; M. S. Daniels, E. S. Larned, William L. Bailey, 
Charles D. Watson, Vice-Presidents, and Mr. W. W. Curtis, 
Secretary. 

The minutes of the meeting held April 12, 1907, were read 
and approved. 

The Secretary reported the resignations received, and that, 
not including these, the present membership is 430, 151 of 
whom had not paid their dues for the year 1907. The Secretary 
was directed to send notices to those who had offered their res- 
ignations, that in accordance with the By-Laws such resigpiations 
could not be accepted until the dues for the current year had 
been paid. The Secretary reported the applications for member- 
ship received, and, on motion, was directed to cast ballot for their 
election as members of the Association. 

The Treasurer reported the balance in bank as $2,703.02. 

The Auditing Committee, consisting of Messrs. Merrill Wat- 
son and M. S. Daniels, stated that they had gone over the report 
of the Secretary of April 10, 1907, and had compared same with 
the vouchers and found the report to be correct. On motion of 
Mr. Bailey, seconded by Mr. Larned, the report of the Auditing 
Committee approving the Secretary's financial report of April 10, 
1907, was accepted. 

The committee appointed in pursuance of a communication 
from Mr. Pulfer, reported progress. 

On motion, the Secretary was directed to send out notices 
at least sixty days prior to the next convention, recommending 
the following changes in the By-Laws: 

T. That the clause, relating to the $2.00 membership be 
stricken out. 

2. That the apix)intment of the Nominating Committee be 
vested in the Executive Board, instead of in the President, as now 
provided for. 

3. That provision be made for an Executive Committee of 
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five, consisting of the President, Secretary and Treasurer, and 
two other members of the Executive Board, these two to be 
elected by the Board. This Executive Committee to be author- 
ized to transact the business of the Association during such time 
as the Executive Board is not in session. The intention of this 
amendment is to save the present large traveling expenses of the 
members of the Board in attending the necessary number of 
meetings. 

On motion, the Secretary was instructed, in accordance with 
the action at the last convention, to voucher the expenses of the 
Board meetings in 1906, excepting those held during the time of 
the convention. 

On motion, the details of the exhibition and convention hall 
in connection with the Buffalo convention were left to the Presi- 
dent and Secretary, with power. 

It was decided that exhibitors be given complimentary tick- 
ets to the amount of one ticket for each dollar paid for exhibition 
space ; additional tickets to be sold exhibitors at one-half the reg- 
ular rate. It was also decided that only members in good stand- 
ing be admitted to the convention hall during the business session. 

The Secretary was directed to prepare registration cards, 
upon which new members should be required to indicate their 
name, occupation, address and department of the cement industry 
in which they are directly interested. 

On motion of Mr. Larned, seconded by Mr. Bailey, an Ex- 
ecutive Committee of the Board was elected, consisting of the 
President, Secretary and Treasurer, and Messrs. Merrill Watson 
and M. S. Daniels. 

The Secretary called the attention of the Board to his resig- 
nation which had been offered at the meeting in April, but which 
was not acted upon. On motion of Mr. Daniels, Mr. Curtis' res- 
ignation was referred to a Committee, consisting of Messrs. Mer- 
rill Watson, Larned and Turner. The meeting then adjourned 
until following morning at 8 o'clock. 

September loth, 8 A. M. — Present, same as above, also Mr. 
C. D. Watson. The committee appointed to consider the resig- 
nation of Mr. Curtis recommended the acceptance of the resigna- 
tion, which, on motion, was adopted. 

On motion, the claim of Mr. Curtis for additional compen- 
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sation as Secretary, was referred to Messrs. Merrill Watson, 
Daniels and Turner. 

The meeting then adjourned. 



MEETING HELD ON JANUARY 20, I908, AT. THE IROQUOIS HOTEL, 

BUFFALO, N. Y. 

Present: Richard L. Humphrey, President; H. C. Turner, 
Treasurer; M. S. Daniels, O. U. Miracle, M. Wetzstein, C. D. 
Watson, E. S. Larned and G. L. Stanley, Vice-Presidents. 

Meeting was called to order by the President. 

On motion, Mr. E. S. Lamed was elected Secretary pro tern. 

On motion, Mr. George C. Wright, of Rochester, N. Y., was 
elected Secretary. The minutes of the meeting of September 9, 
1907, were read, corrected and approved. 

The President presented the following report of the special 
committee, consisting of Messrs. Merrill Watson, H. C. Turner 
and M. S. Daniels, appointed for the purpose of passing on com- 
pensation to Mr. Curtis for additional services as Secretary : 

The committee to which was referred the matter of compmsation 
to be allowed to Mr. Curtis for his- services as secretary of the National 
Association of Cement Users up to the date of the acceptance of his 
resignation on September 9, 1907, begs to report that it fevors paying 
him the sum of one hundred dollars ($100) as a fair amount for the 
work done since he filed with you his report up to April last. 

We recommend that you issue a warrant to him for that sum. 

(Signed) Merrill Watson, 

H. C. Turner, 
M. S. Daniels. 

Moved by Mr. Larned, seconded by Mr. Miracle, that the 
recommendations of the committee be adopted and that the Sec- 
retary be instructed to write Mr. Curtis, transmitting a check 
for $100 and requesting him to turn over all property belonging 
to the Association. 

The President presented the correspondence relative to the 
use of the Sixty-fifth Regiment Armory. On motion by Mr. 
Lamed, this matter was referred to a committee consisting of the 
President, Treasurer and Charles D. Watson, with power. 

The President presented the correspondence with the various 
railroads in regard to their inability to stand by the arrange- 
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ments made for the usual excursion rates. Resolution was 
adopted to the effect that this correspondence be read before the 
convention to explain why some members were unable to get 
certificates. 

It was moved by Mr. Larned that it was the sense of the 
Executive Committee that the sale of space at the annual exhibi- 
tion for the purpose of promoting companies for the development 
of cement properties or other similar projects is not in the best 
interest of the Association and that the officers in charge of the 
exhibition shall be given discretionary power concerning such 
applications for space. 

Moved by Mr. Miracle that the action pertaining to the 
change of sections be reconsidered and that the section on cement 
products be changed to "Cement Products and Machinery." 

The Secretary was instructed to communicate with the sec- 
retaries of architects, engineers and building trades organizations 
and furnish their members with season complimentary tickets. 

It was also decided that Tuesday evening, January 21st, be 
designated as Buffalo Night, and that twenty thousand free tick- 
ets be issued to the citizens of Buffalo and distributed at con- 
venient points. 

Moved by Mr. Lamed, and seconded by Mr. Wetzstein, that 
the list of new members submitted by the Secretary be approved. 
The Committee on Nominations was appointed as follows : 

Edward D. Boyer, Northampton, Pa., Chairman. 
A. J. Conzelman, St. Louis, Mo. 
Robert C. Morris, Louisville, Ky. 
A. J. Maynard, Bridgewater, Mass. 
J. F. West, Wichita, Kan. 

The Committee on Resolutions was appointed as follows : 
R. W. Lesley, Philadelphia, Pa., Chairman. 
M. C. Robinson, Ashtabula, Ohio. 
A. M. Pierson, New York City. 
L. B. Thayer, Minneapolis, Minn. 
F. K. Irvine, Chicago, IlL 

The meeting thereupon adjourned. 
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Aberthaw Construction Company. Leonard C. Wason, 

President, 8 Beacon Street, Boston, Mass. 
Acme Cement Block Company. Wellsburg, W. Va. 
Adams, Adolph. Kendallville, Ind. 
Adams, John H. Secretary and Treasurer, Beloit Concrete 

Stone Company, Beloit, Wis. 
Affleck, B. F. General Sales Agent, Universal Portland 

Cement Company, 1430 Commercial National Bank Build- 
ing, Chicago, 111. 
Alexander, Charles A. Engineer and Contractor, Batavia. 

N. Y. 
Alpha Portland Cement Comi'any. Easton, Pa. 
Altoona Construction and Contractors' Supply Company 

Altooria, Pa. 
Alton Roofing, Artificial Stone and Supply Company. 

Alton, 111. 
American Cement Company. Robert W. Lesley, President, 

604 Pennsylvania Building, Philadelphia, Pa. 
American Clay Machinery Company. Bucyrus, Ohio. 
American Hydraulic Stone Company. Harmon H. Rice, 

Secretary, 221 Railway Exchange Building, Denver, Col. 
American Steel and Wire Company. H. S. Doyle, Chicago, 

111. 
Americus Tile and Artificial Stone Company. Americus, 

Ga. 
Anchor Concrete Stone Company. C. W. Bradley, Secre- 
tary, 312 Main Street, Rock Rapids, Iowa. 
Angell, J . F. First Vice-President and Treasurer, Cement 

Machinery Manufacturing Company, 52 West Maple Street, 

Columbus, O. 
Angle, Samuel P. Angle Construction Company, Hagers- 

town, Md. 
Argollo Miguel de Teive E. Chief Engineer, San Francisco 

Railroad Company, Caixa 89, Bahia, Brazil. 

(380) 
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Armstrong Concrete Specialty Company. A. B. Cochran, 
President, 191 Devonshire Street, Boston, Mass. 

Art Concrete and Construction Company. F. H. Mattlage, 
Secretary and Treasurer, 417 Fresh Pond Road, Evergreen, 
Borough of Queens, N. Y. 

Ashland Steel Range and Manufacturing Company. U. 
S. Shelly, Ashland, O. 

Astral Drier Company. J. L. Mothershead, Jr., Manager, 822 
West Washington Street, Indianapolis, Ind. 

Atlanta Concrete Manufacturing and Construction Com- 
pany. Atlanta, Ga. 

Atlas Portland Cement Company, The. C. A. Kimball, 30 
Broad Street, New York, N. Y. 

AuER AND Son, Louis. William Porth, Jr., Second Ward Bank 
Building, Milwaukee, Wis. 

Austin, Lucien A. Secretary-Treasurer, Penn Concrete Com- 
pany, Olney, Philadelphia, Pa. 

Babcock, D. C. Spring^ille, N. Y. 

Babiczky, Joseph. Guardian Trust Building, Kansas City, Mo. 

Bailey, H. L. City Hall, Chicago, 111. 

Bailey, W. W. Chadwick, 111. 

Balantine, W. W. George Rackle and Sons, Cleveland, O. 

Ballinger, Walter F. Ballinger & Perrot, Architects and En- 
gineers, 1200 Chestnut Street, Philadelphia, Pa, 

Ballou Manufacturing Company. Belding, Mich. 

Balyeat, R. M. Balyeat Coal and Cement Company, Van West, 
O. 

Barker and Nighsvvander. Jefferson Avenue and Water 
Street, Toledo, O. 

Barker, Dr. W. S. 358 South Main Street, Dayton, O. 

Barr, J. L. H. Batavia, O. 

Battjes Fuel and Building Material Company. N. H. 
Battjes, Superintendent, looi South Division Street, Grand 
Rapids, Mich. 

Bean, W. Worth, Jr. Benton Harbor, Mich. 

Beatty, J. C. California Art Stone Supply Company, 902 
South Building, Los Angeles, Cal. 

BeddELL, H. W. Bloomfield, Ontario, Canada. 
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BehelE, H. F. General Sales Agent, National Building Block 

Company, Milwaukee, Wis. 
BeirER, W. and H. 813 East Sixth Street, Alton, 111. 
Bell, William. 509 Hill Avenue, Elgin, 111. 
Bellefonte Lumber Company. Edward L. Hay, Secretary 

and Treasurer, Bellefonte, Pa. 
Bellevue Stone Company. C. R. Callaghan, President, Belle- 

vue, O. 
Kellincrodt^ N. O. Concrete Engineer, 24 Carnegie Place, 

Atlanta, Ga. 
Bender, A. L. General Contractor, Topeka, Ind. 
Benner, E. E. 217 South Seventeenth Street, Lincoln, Neb. 
Berthelet Concrete Stone Company. 135 Grand Avenue, 

Milwaukee, Wis. 
Bescii and Beebe. Engineers and Contractors. H. R. Beebe, 

15 Mann Building, Utica, N. Y. 
Besser Manufacturing Company, The. J. H. Besser, Secre- 
tary, Alpena, Mich. 
Beyer, Ira. Manufacturer of Cement Blocks, Mishicot, Wis. 
Bingham, L. L. Cement Products Company, Estherville, Iowa. 
BiRNiE, Alexander C. Engineer and Contractor. Ludlow, 

Mass. 
Blackburn, W. L. Hillsboro, 111. 
Blake, J. A. 268 Littleton Street, West Lafayette, Ind. 
Blakely, M. 541 Union Street, Centralia, 111. 
Blakeslee Concrete Block and Machinery Company. 408 

Shultz Building, Columbus, O. 
Blanc Stainless Cement Company. J. Maxwell Carrcre, 

General Manager, Allentown, Pa. 
Blaw Collapsible Steel Centering Company. Jacob B. 

Blaw, 407 Westinghouse Building, Pittsburgh, Pa. 
Blkthyn, Benjamin. Contractor and Buikler, 1803 Oregon 

Avenue, Washington, D. C. 
Br/>oMER Brothers Company. Newark, N. J. 
BossERT, O. N. 54 University Building, Milwaukee, Wis. 
BovEE, H. AND Son. Northville, Mich_. 
BoYER, Edward D. Cement Expert, Atlas Portland Cement 

Company, Catasauqua, Pa. 
BoYLAN, H. T. Buchanan, W. Va. 
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BoYi^E, James. Freeland, Pa. 

BoYNTON, C. W. Chief Inspector, Universal Portland Cement 
Company. Chicago, 111. 

Brackkr, Karl A. 319 Superior Avenue, Dayton, O. 

Brawnin, Addison. Aberdeen, Miss. 

Brock Brothers Manufacturing Company. Holden Brock, 
3507 Olive Street, St. Louis, Mo. * 

Brown, Charles Carroll. Consulting Engineer, 408 Commer- 
cial Club Building, Indianapolis, Ind. 

Brown, L. R. L. Concrete Contractor, St. Marys, Ontario, 
Canada. 

Brownell. Manager, Keokuk Cement Brick Company, Keo- 
kuk, Iowa. 

BuEHLER, John. Cement Contractor, 1116 Wisconsin Street, 
Pertago, Wis. 

BuRKLEY, Fay H. 162 Farrington Avenue, St. Paul, Minn. 

BuRRELL, W. C. President, Burrell Manufacturing Company, 
Bradley, 111. 

BusER Concrete Construction Company. Mount Morris, 111. 

Buss, Edward A. Consulting Engineer and Mill Architect, 85 
Water Street, Boston, Mass. 

Butler Wood Fiber Plaster Company, The. S. C. Kelly, 
Butler, Pa. 

Byron Construction Company, M. P. Ninty-fifth Street and 
Erie Avenue, Chicago, 111. 

Cadogan, a. W. Osceola, Pa. 

Cadwell Silex Stone Company^ The. C. W. Cadwell, Man- 
ager, 10 Sandwich Street, West, Windsor, Ontario, Canada. 

Caldwell, C. Winona^ Ontario, Canada. 

Caldwell, W. L. Manager Fireproofing Department, The 
Berger Manufacturing Company, Canton, Ohio. 

Canadian Cement Industry. Louis E. Allen, Box 22, Belle- 
ville, Ontario, Canada. 

Canadian Petrified Brick and Stone Company. Winnipeg, 
Manitoba, Canada. 

Canadian Portland Cement Company. C. A. Lingham, 502 
Temple Building, Toronto, Canada. 

Capital City Concrete Construction Company. Spring- 
field, 111. 
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Carey Construction Company, The. J. D. Carey, Presi- 
dent, 519 Electric Building, Cleveland, Ohio. 

Carlsen, C. J. St. Josephs Lead Company, Flat River, Mo. 

Carrere, James Maxwelu Blanc Stainless Cement Company, 
I Madison Avenue, New York, N. Y. 

Carthage Superior Limestone Company. Carthage, Mo. 

Case, C. J. Troy, Pa. 

Castaua Porti^nd Cement Company. C. L. Johnson, Sec- 
retary, Castalia, Ohio. 

Cauger, George D. Concrete Contractor, Springville, Erie 
County, N. Y. 

Cement, R. B. Seers, Editor, 21 Park Row, New York, N. Y. 

Cement Block and Roofing Company, The. Karl W. Lick, 
Concrete Contractors, Kenton, Ohio. 

Cement Brick Company. Port Huron, Mich. 

Cement and Engineering News. William Seafert, Publisher, 
22 Fifth Avenue, Chicago, 111. 

Cement Era. E. S. Hanson, Editor, 842 Monadnock Block, 
Chicago, 111. 

Cement Engineering and Construction Company. John T. 
Holmes, 225 Fifth Avenue, New York, N. Y. 

Cement Machinery Company. S. H. Wiltse, President, Jack- 
son, Mich. 

Cement Machinery Manufacturing Company. Burlington, 
Iowa. 

Cement Machinery Supply Company. George K. Coulter, 
707 Eighteenth Street, Denver, Col. 

Cement Products Company. Burlington, Wis. 

Cement Stone and Supply Company. I. F. West, General 
Manager, 218-230 West Second Street, Wichita, Kan. 

Cement World. E. L. Hatfield, General Manager, 241 Fifth 
Avenue, Chicago, 111. 

Central Concrete Construction Company. Robert C. Mor- 
ris, President, 1161 Underbill Street, Louisville. Ky. 

Century Cement Machine Company. A. T. Bradley, Direc- 
tor, 181 West Main Street, Rochester, N. Y. 

Chamberlin, C. a. Jackson, Mich. 

Chandler, Dana G. Manager, Sylvania Concrete Compa.iy, 
Sylvania, Ohio. 
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Chicago Porti^nd Cement Company. J. W. C. McDaniel, 

Sales Manager, 108 LaSalle Street, Chicago, 111. 
Chickamauga Cement Company. W. P. D. Moross, General 

Manager, Chattanooga, Tenn. 
Chrisman Concrete Stone Company. Chrisman, 111. 
City Artificiai. Stone Company. T. W. Stewart, Paris, 111. 
City Construction Company. Milwaukee, Wis. 
Ci^RK, J. W. 527 South Elm Street, Centralia, 111. 
Ci^vELAND Concrete Buiu>ing Block Company, ioio 

Rockafeller Building, Cleveland, Ohio. 
Clinton Wire Cloth Company. Albert Oliver, Manager, i 

Madison Avenue, New York, N. Y. 
Clover Leaf Machine Company. W. O. Williams, President, 

South Bend, Ind. 
Collier, D. M. Architect, 52 Brighton Street, Rochester, N. Y, 
Concrete, Walter C. Boynton, Editor, 63-65 Newberry Building, 

Detroit, Mich. 
Concrete Age, The. George C. Walters, Editor, Post Office Box 

No. 846, Atlanta, Ga. 
Concrete Construction Company. Room 4, Business Col. 

Block, Green Bay, Wis. 
Concrete Construction Company^ Muskegon, Mich. 
Concrete Construction Company. Rock Island, 111. 
Concrete Construction Company. Steubenville, Ohio. 
Concrete Construction Company. George W. Stone, 326 

Day Building, Worcester, Mass. 
Concrete Engineering Company. Caxton Building, Cleve- 
land, Ohio. 
Concrete Stone and Sand Company. A. A. Pauly, Secretary, 

935 Poland Avenue, Youngstown, Ohio. 
Conger^ George D. Springville Concrete Company, Spring- 

ville, N. Y. 
Conk, William. Concrete Contractor, 157 Branchport Avenue, 

Long Branch, N. J. 
CoNNELL, C. H. Reinforced Concrete Contractor, Youngstown, 

Ohio. 
Consolidated Litholite Company. Saratoga Springs, N. Y. 
Contractors' Supply and Equipment Company. 520 Old 

Colony Building, Chicago, 111. 

(25) 
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CoNZELMAN, John E. Assi^ant Engineer, Expanded Metal 
and Corrugated Bar Company, 925 Frisco Building, St. 
Louis, Mo. 

Cook, H. L. Front Royal, Va. 

Corn Palace Cement Works. P. P. Comoli, 409 George 
Street, Sioux City, Iowa. 

Cromar, a. J. Builder, 448 Colborne Street, Brantford, On- 
tario, Canada. 

CrowEix, E. H. Concrete Contractor, Crown Point, Ind. 

CuMMiNGS, Palmer. The Cummings Cement Company, Akron, 
Ohio. 

Cummings Structural Concrete Company. 4 Smithfield 
Street, Pittsburgh, Pa. 

Cunningham Brothers. Brook, Ind. 

CuTSHALL, J. H. Terre Haute, Ind. 

Daniels^ M. S. President The Kakiat Company, Manufac- 
turers of Concrete Stone, Suffem, N. Y. 

Davis, William. R. Rural Free Delivery i, Youngstown, Ohio. 

Deeds, Wilbur C. Reed Deeds and Son. 

Dennis, J. E. Buffalo Litholite Company, 3 Jersey Street, Buf- 
falo, N. Y. 

De Smet, George W. Vulcanite Portland Cement Company, 
317 Chamber of Commerce, Chicago, 111. 

Diamond Cement Machine Company. Deshler, Ohio. 

Dickinson, William. 1513 Marquette Building, Chicago, 111. 

DiEMAN, OswAU) A. Waukesha, Wis. 

Dover Cement Tank and Silo Company. Cassopolis, Mich. 

DowNS^ John. Fort Madison, Iowa. 

Driscoll, John. Appleton, Wis. 

DuNLAP, Simon L. 3019 Park Avenue, Indianapolis, Ind. 

Dunn and Fourqurean. W. H. Dunn, Concrete Contractors 
(Building Blocks), 211 East Broad Street, Richmond, Va. 

DuNN^ W. E. AND Company. 339 Grand Avenue, Chicago, 111. 

DykEma Company, The. F. L. Dykema, 14 Huron Street, 
Grand Rapids, Mich. 

Eastern Concrete Machinery Supply Company. 75 Main 
Street, Akron, N. Y. 

Eastern Expanded Metal Company. William M. Bailey, 
Chief Engineer, loi Tremont Street, Boston, Mass. 
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Eaton, Fred W. Indestructible Post Company, Chicago, 111. 
Eau Claire Concrete Company. Farewell and Main Streets, 

Eau Claire, Wis. 
Edison Portland Cement Company, The. M. S. Mallory, 

Vice-President, Stewartsville, N. J. 
Edmondson Concrete Machinery Company. W. O. Ed- 

mondson. Secretary, South Bend, Ind. 
EiCKEMEYER, Henry. 417 South Madison Avenue, Bay City, 

Mich. 
Ellefson, a. Fort Smith, Ark. 
Elmhurst-Chicago Stone Company. Elmhurst, 111. 
Elyria Stone and Coal Company, The. H. B. Hecock, 

Elyria, Ohio. 
Emerson and Norris Company. 50 State Street, Boston, Mass. 
Engelbreth, S. Beresford, S. Dak. 
Evanston Hydraulic Stone Company. Evanston, 111. 
Everett and Heck. S. V. Everett, Concrete Contractors, 

Blairstown, Iowa. 
EwEN, J. M. AND Company. Rookery Building, Chicago. 
EwiNG Concrete Machinery Company, The. L. D.Ewing, 

Akron, Ohio. 
Expanded Metal and Corrugated Bar Company. John E. 

Conzelman, Assistant Engineer, Frisco Building, St. Louis, 

Mo. 
Farley and Company. Homer, 111. 
Farquharson Realty Company. J. W. Farquharson, Concrete 

Contractor, 449 Argyle Road, Flatbush, L. I. 
Farrar, C. J. Crafton, Pa. 
Feather, W. A. Baroda, Mich. 
Ferro-Con CRETE Construction Company, The, Richmond 

and Harriett Streets, Cincinnati, Ohio. 
Fisher, Fred. Eureka Machine Co.j Lansing, Mich. 
Fisher, George F. Architect, North Tonawanda, N. Y. 
Fisher Hydraulic Concrete Machinery Company. Balti- 
more, Md. 
Flagg, C. W. Brazil, Ind. 
Flanders, J. J. Architect, Glencoe, 111. 
Flint Stone Company, The. 202 National Union Building, 

Toledo, Ohio. 
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FoLLETT, F. B. Providence, R. I. 

Fort Wayne Cement Stone Company. Fort Wayne, Ind. 

Frahm Fuei. and Concrete Company, J. B. 304 Harrison 
Street, Davenport, Iowa. 

Frankun, Lester R. Auburndale Co-operating Construction 
Company, Auburndale, N. Y. 

French and Company, SamueIt H. C. Weber Jones, General 
Sales Agent, Fourth and Callowhill Streets, Philadelphia, 
Pa. 

Frist Cement Company. Frank P. Frist, Manager, Concrete 
Contractors, Post Office Box No. 882, El Paso, Texas. 

Frost and Sons. Jerseyville, 111. 

Fulton County Supply Company. 105^^ North Pryor Street, 
Atlanta, Ga. 

Gadon, George. Phillipsburg, N. J. 

Gammon, A. S. J. Norfolk, Va. 

Garden City Sand Company. C. B. Shefler, President and 
Manager, 1201 Security Building, Chicago, 111. 

General Fireproofing Company. E. N. Hunting, Youngs- 
town, Ohio. 

Genther, William J. Simplex Manufacturing Company, Con- 
crete Contractors (Sidewalks, Building Blocks), Despatch, 
Monroe County, N. Y. 

Georgia Hydraulic Stone Company. H. C. Quinn, President, 
Post Office Box No. 529, Dublin, Ga. 

Gibsonburg Coal and Ice Company, The. Concrete Con- 
tractors, Gibsonburg, Sandusky County, Ohio. 

Gilbert, W. H. Olney, 111. 

Gill, George H. Concrete Contractor (Sidewalks). Surprise, 
Neb. 

Gill, J. Robert. Factory Superintendent, Houston Hydraulic 
Stone Company, Post Office Box No. 679, Houston, Texas. 

Glencoe Lime and Cement Company. 1400 Old Manchester 
Road, St. Louis, Mo. 

GocHNAUER, M, K. Appleton, Wis. 

GoDDARD, L. M. LaCrosse, Wis. 

GoDWiNN, George. Concrete Contractor, Lambertville, N. J. 

Good, W. E. Concrete Contractor (Building Blocks), Ashta- 
bula, Ohio. 
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Goodrich, F. R. Traverse City, Mich. 

Goodrich, E. P. Editor Engineering Record, 11 70 Broadway, 

New York, N. Y. 
Goodwin, H. E. 206 Blake Street, Indianapolis, Ind. 
Goodwin, Howard G. Concrete Contractor (Building Blocks), 

281 West Market Street, Akron, Ohio. 
Grady, William H. Concrete Contractor, 49 Hammond Street, 

Bangor, Me. 
Graham Concrete Construction Company. Milwaukee, Wis. 
Granilite Manui^acturing Company. 2208 McGee Street, 

Kansas City, Mo. 
Granville, John J. Saginaw, Mich. 
Griesenauer, G. H. 194 Fullerton Avenue, Chicago, 111. 
Griswold, W. S. Elyria Plaster Company, Elgin, Ohio. 
Haas, John W. Charlotte, N. C. 
Hall, Inc., James P. Concrete Contractor (Building Blocks), 

Jersey City, N. J. 
Ham, W. H. Chief Engineer, General Fireproofing Company, 

Youngstown, Ohio. 
Hamann, C. H. Genseo, 111. 

Hamill, George J. Long Island Concrete Building Block 
Company, Bayside, N. Y. 

Hamlin, F. M. Hamlin and Sons, Lake Villa, 111. 

Hampden Press Stone Company. Springfield, Mass. 

Hampton, E. S. Orchard Park, N. Y. 

Hanley, George L. 

Hanner, William. Beloit, Wis. 

Hansberger, Henry. Millersport, Ohio. 

Harper, D. N. Detroit, Mich. 

Harrington, J. R. Edinburg, 111. 

Harris, C. L. and Son. Sargent, Neb. 

Harrou), E. W. Concrete Contractor (Building Blocks), Derry, 

Westmoreland County, Pa. 
Hartwick Machinery Company. Concrete Mixers, 120-124 

East Washington Street, Jackson, Mich. 
Haskins, H. E. Lake Geneva, Wis. 
Hastings, C. B. Concrete Contractor (Sidewalks, Building 

Blocks), 150 Jefferson Street, Brookville, Pa. 



390 List o^ Members. 

Hayden Automatic Bu)ck Machine Company, The. N. B. 

Marple, Secretary, 112 West Broad Street, Columbus, Ohio. 
Hayden, Wiujam. Denver, Col. 
Hayes and Company, B. F. Concrete Contractors (Sidewalks, 
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CEMENT FLOOR PAINT" 



PATENTED, 

make cement floors clean, hard and dustless, oil-proof, 
water-proof and glossy, at small cost, with local labor, 
six colors — ask for card, 

-LIQUID KONKERIT" 

protects cement walls from weather, keeps them dry. 
Is art gray in color, and is used alone or as a base for 
oil paint, which will not peel off. Used like paint. 
Write for circular. 

" TOXEMENT " 

PATENTED, 

is a powder, 2% of which in neat cement, makes the 
resulting concrete waterproof against pressure. Ask 
for book. 



TOCH BROTHERS, 

Established 1848 Factory, Long Island City 

320 FIFTH AVE, NEW YORK 
SECURITY BUILDING, CHICAGO 
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PEERLESS 

Portland Cement Co. 

Manufacturers of 
the Highest Grade 
Portland Cement 
only ^ Jt jn 
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Cube Concrete Mixers and 
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; many so-called 

market that are praclic;illy 
alike, both in principle and opera- 
tion. In the last two or three 
years such wonderful strides 
have been made in the 
concrete industry, and such a 
demand for concrete machinery 
has developed, that manufacturers 
of other lines have been attracted 
to the field. In casting about for 
a mixer to build, some types of 
machines were found to be so 
carefully protected by patents 
that it would be extremely diffi- 
cult, if not impossible, to use the principles in\-olved without becoming 
legally liable, and going still farther into the past and working along the 
lines of least resistance "that a cheap machine would be the easiest one to 
sell, " they decided on an old machine, tTie patents of which had long since 
expired, which enabled them to get into the field with something, no 
matter what, provided it was a mixer. Hence the many mixers of the 
cylindrical drum type, having a number of small scoops and bins on the 
inside which instead of going straightway to mixing must first separate 
the materials, a system obviously slow, and one that would never be used 
if any other system could be employed safely, but in concrete mixers of this 
type without inside scoops or bins the smooth circular drum would 
simply slide around the mass of materials without doing any mixing 
whatever. Another reason why scoops are used is that the materials 
must be elevated inside of the drum in order to dump the concrete onto 
the incline tilting trough. In no other way can the batch be discharged. 

The Chicago Improved Cube Mixer 

requires no inside mechanisma for either mixing or discharging. The 

shape of a cubical box hung on diagonally opposite comers is such that it 
will mix concrete just as good without blades or scoops as with them. 
As no insides means no clogging, we leave the insides out. The Chicago 

Municipal Engineering 



IMPROVED 
Substitutes for Them 



Improved Cube Ifixer is not an imitation, but a real cube, built on rational 
and scientific principles. Some makers have placed flat sheets in a 
circular drum, and advertise it as having cube sides and combining the 
mixing qualities of the cube and the discharging qualities of their own 
type. Other makers have placed two cubes together and use it as 
a continuous mixer. Others have tried to copy the cube dumping 
mechanism, the cube tilting frame, the cube drum supports, and our 
charging elevator. Why do they do this? Because: 

1. The cube is the most psrfect type of mixing drum. The secret of perfect 

mixing is to keep the materials all in one batch during the mix- 
ing process, and the cube is the only practical form of receptacle 
whose shape of itself produces a thorough turning and returning of its 
contents by rotation alone, folding and refolding and pressing 
together as a urit the batch of cement, sand and aggregate. 

2. Our tilting frame is more flexible and at the same time stronger. The 

drum is pivoted exactly at the center and is easily swung over 
to an angle sufficient to pour out the concrete. There is no eleva- 
tion of the materials inside the drum of a cube when discharging 
the batch. It rups out by gravity and no extra p>ower is required. 

3. The cube trundles are of sensible design, interchangeable, and small 

in diameter, therefore the rollers upon which they roll revolve at one- 
third the speed of any other and wear longer. 

4. Our charging elevator is the only one so far placed on the 

market that will operate successfully under all conditions. We 
tried out all the devices of those who afe now following in our foot- 
steps and threw them to one side as undesirable before we finally 
decided on the design we now use, which we have reason to know is 
positively the best. 

5. One of the best features of the cube type of mixer is that it insures 

quality, under all conditions. It not only makes good concrete 
when good sand and good stone and plenty of cement are used, but it 
makes the best possible concrete with any quality of sand and stone 
and any amount of cement. Guaranteed quality concrete and cube 
mixer concrete are S3monymous terms, and the Chicago Improved 
Cube Mixer is a machine improved so as to do rapid mixing as 
well as perfect mixing. Send for our catalogue No. 59 and form 
letters giving full explanations. 

& Contracting Company 

OTHC£ : Railway Exchange, Chicago, III. 



For Factory, For Farm, For Home 

Concrete Construction is the Best 



It is Economical, Durable, Fireproof and Sanitary 



Needs no paint or repairs ; is warmer in Winter, cooler in Summer 
than any otner mode oi construction, and is adaptable to any style o{ 
architecture. 

For the benefit of those who desire to make lasting improvements 
about the FARM, FACTORY or HOME, and as a guide to those 
contemplating new construction, we have published the following books: 



For the Htnufachrer ud Herciitni 

"REINFORCED CONCRETE in 
FACTORY CONSTRUCTION," a 

book containing besides several 
general chapters on concrete, con- 
crete aggregates, methods and ma- 
terials for reinforcing — ten chap- 
ters giving detailed descriptions of 
ten concrete factories and ware- 
houses erected in various parts of 
the country by different systems. 
The photographs, sectional 
drawings and specifications were 
furnished by the engineers in charge 
of the work. 

This book is profusely illustrated 
(250 pages, size 6ix9). Pamph- 
let bound sent free upon request to 
ARCHITECTS, ENGINEERS and 
MANUFACTURERS who contem- 
plate building. 

Cloth bound copies 50 cents each. 



For ihe Hschtnic aid Ariistn 

"CONCRETE COTTAGES," a 

sixteen page pamphlet showing 

Ehotographs, floor plans and speci- 
cations for small concrete houses 
ranging in cost from $1,500 to 
$4,000. 

Copies sent free upon request. receipt of $1 



For flio Suburbiiih ni Un FanMf 

"CONCRETE CONSTRUCTION 
about the HOME and on the 
FARM," a book containing direc- 
tions for making and handling con- 
crete, also many specifications, sec- 
tional drawings and photographs 
of the smaller constructions that 
can be built by the layman without 
skilled labor. 

Paper bound copies free upon 
request. 

Cloth bovmd copies 25 cents each. 

For flio HonolwiMor tid limttor 

"CONCRETE COUNTRY RESI- 
DENCES," a book containing pho- 
tographs and floor plans of over 1^0 
CONCRETE HOUSES ranging in 
price from $2,000 to $200,000. The 
nouses not only show a large 
variety of design,' but are of several 
different systems' of concrete con- 
struction. These are not imagi- 
nary sketches, but houses already 
buiit and designed by the best 
architects in the country. 



Copies (168 pages, size 10 x 12) 
will be sent express prepaid upon 



The Atlas Portland Cement Co. 



30 Broad Street 



^ •• 
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New York City 



The Standard American Brand 

ATLAS 

PORTLAND 



//^^ PORTLAND ^ 

ATLAS 

Vf;, CEMENT i ' 



CEMENT 



Always Uniform 



Productive Capacity for 1 908 
Over 40,000 Barrels Per Day 



* 'Atlas* Portland Cement is manufactured from the finest 
raw materials, under expert supervision in every department 
of the works, and is specified by all leading architects and 
engineers in the United States. 



The Atlas Portland Cement Co. 

30 Broad Street : - : New York City 
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VULCAN ITE 

PORflAND CENENI 



REPUTATION ALWAYS 

UNRIVALED UNIFORM 



Vulcanite BiblMt In Concrete, AuocUtlon Ball. BranaiTlck BulldlDg, Hadicon Square, 
New Tork, Illuitratlng Bipoeed Selected Assrecafes. 

Vulcanite Portland Cement Co. 

UND TITLE BUILOme FUTIRON BUILDIN6 

nilUDELPHIA, Pi lEW TOM CIH 

The lollowlit Panplileis bj' Albert Moyer, Asso. Aa. Sac C. E. ut lor tninlioai dlsuiboilM 
Vulcanite Pamphlet No. 4, Hair Cracks and Crazing on Concrete Surfaces 

" " " 6, Selectioa and Proportion of Aggregates for Concrete 

" " " 7, Cement Sidewalk Paving 

" " " 8. Artistic Concrete Residences 
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The Emblem of 
Concrete Strength 

TTie wonderf\jlly simple, yet perfect, principle of " STEELCP^ETE " 
Expanded Metal for reinforced concrete constniaion gives maxtmum 
strength by a disiribution of strain that is scientifically cxactr 

EXPANDED METAL 

Gives absolute and uniform reinforcement of small sections of fre' 
qucnt intervals and avoids the alternating spots of strength and weakness 
resulting from reinforcement of large seaions at greater intervals. 

The spectficaiion and use of " STEELCRETE " Expanded Metal is 
more than a a guarantee of honet and exaa weight, gauge, size and 
strength; — its proof. "STEELCRETE" stands for the original and 
always highest quality of expanded metal ; for the protection and profit of 
builder and owner alike. 

Beautifully illustrated catalogue, a practical text'book of reinforced 
construction, sent to contraaors and builders, free on application. 



The Associated 



Expanded Metal Companies 

26th St. and Fifth Avenue, New York, N. Y. 




.8S9-"YANKT0N"-.«« 

19 YEARS OF 

PAIITY AND POPULARITY! 

COMPARE its record WITH 
that of OTHERS in this book, then BUY 

Y 
A 

N 
YANKTON 

T 
O 

N 

YOU GET 

SATISFACTORY QUOTATIONS 

QUICK BAG SETTLEMENTS 

PROMPT SHIPMENTS 

FAIR DEALING 

FROM 

Western Portland Cement Co. 

Yankton, S. D. 
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You will find ttis 114-PAGE BOOK 
Something more than a CATALOG 

WE HAVE TREED TO MAKE IT THE 



It costs 
us about 
24c per 
G>py 
to print 
and mail 
it to you. 



Send us 

the cost 

and we 

will do the 

rest 

\i you tal u< 24c inJ the book i< aol > otiilulory b>[|iiii to you. 
wriU ••• iiid wt •rill mci you 25c b.cL. 

Scud for our TWENTY BIG PAGES -■ hontc orfn in whicb ovtr 
half iIk spacf ii Jcvolnl lo rnilitf multrr inj tlic rcmiiiidcr la oat acwcfl 
lbil>|> in CoDcrrl. M.cl>iD.ry. «c. 

MIRACLE PRESSED STONE (0. 

21 Wilder St. 713 Bennett BIdz. 

MINNEAPOLIS. U.S.A. NEW TORK 



Sunflower 2a<! Indian Brands 
Portland Cement 

Always a favorite with the trade 
NEVER a Barrel Rejected 




Prompt Shipments Guaranteed 
Let us Figure on Your Requirements 




United Kansas Portland 



Ccme-nt Co. 



5ale>s Office 

Suite 51 1 Con\merce buildiny 

Kansas Cltv, rio. 



Works 

lolo, Independence and 

Necxiesha, Kaivsas 
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REINFORCED CONCRETE 



FUBNITURE W, 



SPEED and SATISFACTION 

are to be obtained with Reinforced Concrete when such a teth- 
niealty trained and long-eicperieneed organization as onrs is em- 
ployed. The building shown here was completed in three and one- 
half months after the excavating was done. i 

TURNER CONSTRUCTION CO. 

CONSULTING ENGINEERS, & CONTRACTORS 

11 Broadway "■.&';;„•".&!£"■ New York City 




Plain Talh 







'* Portland Cement is a trade expression and refers 

to a dry powder having certain liydraulio qualities. 
**GooJ Portland Cement is an expression used 

by must all manufacturers of Portland Cement. 
Those not usin^ it employ a stronger expression 
such as **ihe Best/' etc. 

A "user" of Portland Cement is the man who 
judges the relative merits of Portland Cement be- 
cause his work must be good. 

A ''satisfied user * of Portland Cement generally 

understands that the quality question comes first and 
the price question second. 

A "USER" or PORTLAND CEMENT 

becomes a satisfied user of Portland Cement when 
he confines his attention to WHITEHALL. 

He appreciates— uniformity of quality, light color, 
uniformity of color and great strength. 

the whitehall 
Portland Cement Company 

1719 21 LAND TITLE BLDG,, 

PHILRDCLPHIA, PA, 



p^ S. We will gladly fend Crmbntolouy. our monthly publication, to any one 

interested in Portland Cement. 
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M 



eans 



J^|4E manufacture the 

Vl7 "IJ"!" FACE 

DOWN Block Machine, 
in 16' and 24" length.. 

INTERCHANGE- 
ABLE to produce 4". 
6'. 8". lO" and 12' 
widths. 4'. 6' and 8" 
heights, lengths from 

1' to CAPACITY OF 
MACHINE. 

No other machine 
ha. such great possi- 
bilities. 

Ideal Continuoui 
Ideal Sill and Li 

Ideal Ornamenta 

Ideal Sill, Step and Sidewalk Molds 
Ideal Brick Machine 
Column and Spindle Molds 
Capitals, Vases, etc. 

IDEAL (ONCRETf MMHim (0. 

SOUTH BEND :-. INDIANA 



"Quality Does Not Recognize Price as a Serious Competitor" 



ir-prooi Comiiound. 
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WATER 
PROOF 

MAKES ALL CONCRETE IMPERVIOUS TO WATER 

It is not a Wash 

MEDUSA BRAND 

Will make Concrete 

Enjoys reputation impervious to water. 

for Uniform Color, The life of the 

Strength and High «""^"* ^""'^'"^ '"" 

diistry depends on 
Sand Carrying houses being made 

Capacity. water-proof. 



Write US Kegardlnt our Pure White Portlanii Ceuieut 

MiUi: Bay Btld|a, 0., Sracuse, Ind., Diioa, 111., and York, la. 

C^acltr 6,flM kUi. DaU7 

Sandusky Portland (enent (o. 

OENEKAL OFFICE, SANDUSKY, OHIO 



The JOHN C. WINSTON CO. 



0rtntet0 



0ulili0l)er0 



Commercial Printing of 
the Very Highest Pos- 
sible Order V V V 



General Manufacturers 
of High-Class Book and 
Magazine Publications 



Scientific Publications 
Convention Proceedings 
and Monographs V V 



WINSTON BUILDING^ 



1006-08- 10- 12- 14- 16 ARCH STREET 

PHILADELPHIA : PENNA, 
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"PENNSYLVANIA" 



PORTLAND 



CEMENT TILE gives BIG PROFITS 

IF YOU USE 

BESSER MACHINERY 



0»t Autooulic T.Dip*r i, . woaJtr. It niLt. 2000 
|Mr(«t aatat tile pw iiy. M*Lii 4' lUe for leu than 
OD. «nl euh. We h.v. Koie. »l ib.K D.chiiie. in 
proElatile opetBiinn mj ire r«Jy lo lUtl you. R'tt 
pro£<. m Tile [or yon. 

BESSER TILE MOLDS m,V, .11 .i». up to 

eCr .ad .» greal Lbor uveri. 

BESSER FACE DOWN BLOCK MACHIKE 

m.Lei tfae oniy perfect blocL. Ul a. tell yoa why. 
The only F.ce Dowa oochia. will, AaIon...,c VeHicI 
mOMAIlC TAMrei core.. The only F.« Dowa n,.chine which h.. G™i 

TILE HACHIHE Speed and a«. wet ..Icri.l. Th.t n,«n, ..cecM. 

We «■> Iari>i.h yoa ,t| your Micbiarry. Mi.er.. 
BHck and SkiDgle M«:hlae.. Qra.ai.al.l Mold., etc. 

We are .t.nii« ■!» b»t pl.al. everywhere. Send (or free liler.lDr. aad 25 c«l. (or 
bi| caulof and inMruction hooL 

THE BESSER NEO. (0. : IJI 8tl St. : ALPENA, MKH. 

ManDhctnrera of the moat Conplela Line ol CoacreU Mackinery upon the matbt. 



3 NEWAYGO POPTLAND 
CEMENT COMPANY 



Manufoctures isoo 
Barrels per dag 



Of the verv best orade of Porliand 
0;ment t)g the old wet method, using 
Petoshev lliTieslone', and clog, having 

abandoned the use of marl cntlreig. Cverv barrel Is guaranteed to be 

as gcxxl (IS ong on the market. 

Sales Office: Michigan Trusr liuiidlng, 
Gl?AND l?Ai5|D5, HICH. 

BELL HNO OTIZCHS LONG WSTANCC TELEPHONES 

J. r. LOCKLCY, ^ ^ ^ General Salc^ Agent 



THE HURON PORTLAND 
CEMENT en alpena. mich. 



J. B. Ford, Detroit, Preudent. 

E. L. Ford, Detroit, Vice-President. 

S. T. Crapo, Delroit, Secretary and Treasurer. 
H. J. Paxton, Detroit, General Manager. 
B. F. Berry, Detroit, Director. 

GEOHfiE B. MoRt-EV, Saginaw, Director. 

GiiORGE R. Ford. Toledo, Director. 

The above Eentlemen, having fully demonstrated the fact that 

ALPENA LIME ROCK 

cinoot be eqiiiled 

FOR THE MANUFACTURE OF PORTLAT^D CEMENT 

having rised it in Ihe manutactnre of their well-known Wyandotte Brand, 
at Wyandotte, Mich., decided in 1906 to erect a mill at the l>ase of their 
supplies, and are now building and have well nnder way, on Lake Huron, 
at Alpena, Mich,, a Model Portland Cement Plant, This mill wilt be 
completed and ready to make 

lluron Portland Cement 

In the early spring of 1908, and will have an annual capacitv of over 
The Company is sparing no expense in furnishing their plant with the 

LATEST IMPROVED MACfUNEHY for the MANUFACTLFRE OF PORTLAND CEMENT, 

and also the best LABOR-SAViNr. devices for handling and loading, and 
will be able to place their product tipon the market by rail or water at 
the lowest prices consistent with Ihe manufacture of a strictly first- 
class ARTICLE, 



Remember Remember 

fhe Name of our the Name of oar 

Ke^ Brand 



^1 Cement 



GERMAN AMERICAN 

PORTLAND CEMENT WORKS 



/^WL CEMENT used exclu- 
sively in the largest group 
of buildings constructed with 
Cement Brick and Cement 
Building Blocks in the world 



2,300,000 Cement Brick 
250,000 Building Blocks 



Phampblet Illustrating above work Mailed on Request 



Works: 
LA SALLE, ILL. 



E. L. COX, 

General Sales Agent 
Marquette Bldg. 

CHICAGO; ILL, 



XXI 1 



Emerson & Norris Co., 

CONCRETE 5T0NE 



Decorative and Structural office: 

for Exteriors and Interiors '^ ^BcStoif iSSs** 

Omega Portland Cement 

Can Be Used With Absolute SAFETY 

Hundreds of Users have Testified to 
tlie Excellent Sesolts Obtained. 
Manufactured and Guaranteed by 

The Omega Portland Cement Co. 

JONESVILLE. MICHIGAN 

CHJS, R. MILLER CO,, 

INCORPORATED 

GRANOLITHIC PAVEMENTS and all kinds of 
CONCRETE CONSr%UCTION 

Office^ 8 North Front Street Memphis, Tenn, 

Yardsi So. "7?,. ^ £^ fValnut St. Correspondence Solicited 



CATSKILL PORTLAND CEMENT 



CATSKILL CBMBNT COMPANY 



CEMBNTON : : : : N. Y. 
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THE LATEST AND THE BEST 

|;R[1[ BIK MiCHiR! 



OUI? CATALOfiUC cicscrilies ir fiillv, and tilso rells 
Mil atouf (lie two-|)lece wall mode rroin a wer 
inlxrure ot frue ronrrcte, Ixindccl vvKli (he In- 
(IcstiuctlWe Header Ixjnd and conlalninf) a ron- 
(Inuous liorlzon(al (ilr SDare. Tliis tarne ffl((ilofliie, 
fiillv lllus(m(ed, free for (he aslilng. 

The American Hydraulic Stone Co. 

Rai(way Exchange Buildini;, ■ ■ DENVER, COLO. 



EDISON 

Portland Cement 



85 per cent, thru 200 
98 per cent, thru 100 



The Finest Ground Portland Cement 

Manufactured 



Especially Useful in Fine Facings and Ornamental 
Work on Account of Finer Grinding 

''It is generally accepted that the coarser particles in cement are 
practically inert, and it is only the extremely fine powder that possesses 
adhesive or cementing qualities. The more finely cement is pulverized, 
all other conditions being the same, the more sand it will cairy and pro- 
duce a mortar of a given strength." 

Report of Committee on Uniform Tests of Cement 
American Society of Civil Engineers, 



Absolutely Uniform and Reliable 

SALES OFFICES : 

New York - - St. James Building 
Philadelphia, Arcade Building Boston, Post Office Square Building 

Pittsburgh, Machesney Building Newait, N. J., Union Building 

Savannah, National BantL Building 

XXV 



Used 18 Years 

Uhe Lawrence Cement Co., 
No. 1 Broadway, New Kortt 

HIGHEST GR^DE 

Peninsular Portland Cement Co. 

COWHAN SYSTEM 

Manufscturcri of 

HIGH GRADE 
PORTLAND CEMENT 

Qualily trill be remembered 
When price is forgotten 

JACKSON : : : MICHIQAN 

CONSCIENTIOUS WORK AND RRST-CLASS MATERIALS WILL PREVENT 

Failure ot Concrete Construction 



DESCRIPTIVE MAtrER OP INTEREST— S.m,l., ih.iucl tot ■l»n.«1vM-SENT UPON REQUEST 

Twenty-ttree Kinds of Crushed and 
: Ground Hard White Limestone : : 



CARTHAGE SUPERIOR LIMESTONE CO., CARTHAGE. MO. 

Nazareth Portland Cemervt 

WILL PASS ANY STANDARD TESTS 
SUITABLE FOR ANY CLASS OF WORK 

GOOD COLOR UNIFORM RELIABLE 

Charles Warner Company 

Sales Agent 
No. 1 Madison Ave Wilmington Land Title BIdg. 

NEW YORK DELAWARE PHILADELPHIA 



rOKTLAND 

CENENf 



Factories at 
Gellntir lU QalHCT, Mldigai 

Wolverine Portland Cement Co. 

Main OH ce. COLDWATER MICH. 
C. H. WOOD. Sales Acent 

g02 Chamber of Commerce Building Chicago. III. 



CHICAGO "AA*' 

1,000,000 BARRELS 
ANNUALLY 

The Leading Side^A/alk 
Cement 



FACTOFkY AT OGLESBY, 

NEAP. LA SALLE, ILL. 

On C, M.&St. P. R.R.iC B.&Q. R.R.; 
I. C. R.R.;C., R. I. & P. R.R., by switch 



WE MAKE ONE BRAND ONLY 
THE BEST THAT CAN BE MADE 

Used in (he large bridges at Thebes and Kankakee, Illinois, 
Hennepin Canal, Government Post Offices, Locks and 
Bridges, Chicago Tunnels; and by Principal Railroads, 
Engineers, Architects, Contractors and Block Manufacturers. 

HUHVFUCTUKD BY 

Chicago Portland Cement Co. 

108 LH SUtlE STREET CHICMO, lU. 
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WAINWRIGHT 

GALVANIZED STEEL 

CORNER BAR 

For Ppotsoting Edgas of Cencreta 
Cyrbs, Staps, Celumns, etc. 

The only Ellectlve 

Concrete Edge Protector 

Ollered to the Conlractinu Public 

Wainwhicht Patents: 
March q. i8q7 November 33, 1898 

May 5, 1903 March 26, 1907 

August 39, 1907 

This bar is well galvanized so it ^vill not rust. Has a Mlid head 
guaranteeing resistance from the heaviest possible impact ot wheels or 
other heavy bodies, and is held in place by a dovetailed web forming an 
anchorage extending its full length, not only anchoring, but supporting 
the solid bead every inch of its length. 

This bar has been in public use for more than ten years as the main 
feature of the 

WAINWRIGHT STEEt-BOUND 
CONCRETE CURB 

THE BEST IN THE WORLD 

OVER ONE MILLION FEET 

IN USE IN MORE THAN ONE HUNDRED AND FIFTY 
CITIES IN THE UNITED STATES 

The dovetailed web anchors 
the bar at all points, resulting 
in great superiority over a comer . 
protector anchored by bolts, wires 
or rods at intervals, allowing 
buckling or expansion causing 
ultimate loosening of the metal 
from the concrete. 

Matal Parti for Sala 

Correspondence invited, 

STEEL PROTECTED CONCRETE CO. 

REAL ESTATE TRUST BUILDING PHILADELPHIA, PA 



"GIANT" 

PortlsLnd Cement 

wu used In the 

Hudson River Tunnels 



everywhere ■■ the mo«t recent of endneerins wonders, but becanse 
IT HAS BEEN USED IN ALL THE QREATEST ENQINEERINQ TRI- 
UMPHS IN THE UNITED 5TATES. 

Other sreat eaterprlses Include 

The New York Subways] SIZ'J 
The Niagara Tunnel Groton Dam 

Jerome Park Reservoir Wachusett Dam 

These are but a few of the countless enslneerlnt projects Id 
which this cement has met every requirement, but they constitute 
a guaranty that 

Giant Portland Cement 



UNIFORMITY DURABILITY 

STRENGTH ECONOMY 

rianutactured by 

AMERICAN CEMENT GO. 

PniqliuU BilMlit PHIUDEIPHIA 



Corrugated Bars 

FOR 
R.EINFOKCED CONdLETE CONSTRUCTION 




The distinguishing feature of the 
corrugated bar is its simplicity. 

You know just what to expect from 
it. 

Its bond with the concrete is pos- 
itive and rational. 

Five different mills roll corrugated 
bars. This means quick deliveries. 

A BAR FOR EVERY SPECIAL REQUIREMENT 

CORRUGATED SQUARES 

CORRUGATED FLATS 
CORRUGATED ROUNDS 

ROLLED FROM ANY GRADE OF STEEL 




Expanded Metal and Corrugated Bar Co. 



FRISCO BLDG. 



ST. LOUIS 



REPRESENTATIVES IN ALL LARGE CITIES 
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Wurks at 

PENN-ALLEN. 

NAZAKETH, PA. 



PENN-ALLEN 
PORTLAND CEMENT 



A Portland Cement of the highest quality, 
finely ground, uniform, and of high sand 
carrying capacity. Standard specifications 
always guaranteed X X. X X. 



Manufactured by 

The Penn- Allen Portland Cement Co., 
Allentown, Penna. 



Main Sales Office, 

ALLENTOWN, 

PENNA. 



The Castalia 
Portland Cement Co 



MANUFACTURERS OF 



TIGER BRAND 

PORTLAND 
CEMENT 



Office: 209 Ninth St., Pittsburg, Pa. 

Mill: Castalia, Erie Co., Ohio 



C. L. JOHNSON, Sales Mgr. 

SANDUSKY, OHIO 



CAPACITY 2.000 Barrels 

Daily 
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LEtlldn PORTLAND CEMENT 

— :---—- ■ ~ — HtniUclared ky 

Lehigh Portland Cement Company 

ALLENTOWN : : : : : PENNSYLVANIA 

Western Office— Rockefeller Building 
CleTeland Ohio 



CAPACITY 

8,000,000 

Barrels Yearly 



Works, Ormrod, I, 2 

Works, West Copiay, 

Works, Fogelsville, 

Works, New Castle, I and 2 

Works, Mitchell, I and 2, 

Works, Wellston, 



and 3, Lehigh Co., Pennsylvania 

Lehigh Co., Pennsylvania 

Lehigh Co., Pennsylvania 

Lawrence Co., Pennsylvania 

Lawrence Co., Indiana 

Jackson Co., Ohio 



THE 

Peerless 

Brick 

Machine 

Fastest 
Cheapest 
and Best 

PRICES RIGHT 



PEERLESS "BRICK MACHINE CO.. 

JJ N, SIXTH STKEET mrtltEAPOUS, JVINN. 



N.C.NEWERF 

Chicago : : 111. 



HOiSELESa-AUTOMATIC-ADJUaTABlE 



Reduces cost oF cflnsiractlim fillr Me-Ihtrd 
Collipslblc Steel Farms 
Adhtstible SafTolds 
Mirtle-Ficed Wills 
A Saspended Rillniul 
A BocUt ibit Liys Concrele Jasi Wben Wuted 



a » WMTE rOK HKCDUKS a a 



GEO. L. STANLEY 


SidewB.Iks. Floora b.nd Steps 




B. Specl&lty. Work Gu&r- 


Portl&nd C«m«nt Work 1 &nt«ed DursLble. 35 King 


ASHTABUl^A. O. jsi. Telephon«, Ma.ln 126 J 



THE RED RING BRAND 



OF 



PORTLAND CEMENT 



MANUFACTURED BY THE 



UNION SAND AND MATERIAL CO. 

LIGGETT BUILDING, 
ST. LOUIS, MO. 

Is the highest grade pure Portland Cement, containing 
no slag and no marl. Every barrel is guaranteed to 
pass the specifications of the American Society of 
Civil Engineers, and the United States Government 
specifications. Is most finely ground, light in color, 
and high in tensile strength, and especially recom- 
mended for block construction and sidewalks. 



ADDRESS 



UNION SAND AND MATERIAL CO. 

LIGGETT BUILDING, ST. LOUIS, MO. 
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%^>^i^l^, SIDEWALK 
-=^=3^==i25 LIGHTING 

NO CENTERING REQUIRED. 
Essily and quickly installed. GalvaoiKd Steel Fonns hold the glas inpoiaHon 
while concreteandreinlorcingrodsarebeiiigapplieii. Eeonomical. Strong, Efficient. 
Write for CbIbIob F-74-V anil Detaili 

THE BERGER MFG. CO., CANTON, O. 

NEW YORK. PHlLlkDELrHIA. ROSION, CHIUGO. ST. LOUIS, MINNEAPOLIS, SAN FRANCISCO. ATLANTA 



KOEHRINCi MIXER 



Equipped with 

AUTOMATIC 
CHARQINQ BUCKET 

Does away with all plat- 
tonns. The men can wheel 
larger loads as there is no 
puahinR up hill. Saves ex- 

Snse of lumber as well as 
bor of erecting and remov- 
ing pktfoTOis and runways. 
Increases the capacity of 
mixer considerably. 

KOEHBINO MACHINE 
COMPANY, Hirs. 

HILWAUKEB: : WIS. 



.. Pacific .. 



Jos. R Kilby 

President 

Nathan L. Bell 

Vice-PresH and Sec'y 

Morris Kind 

Superintendent 



(Golden Gate Brand) 



MANUFACTURERS OF 

HIGH GRADE 
PORTLAND 
^ CEMENT ^ 



CAPACITY 5,500 BARRELS DAILY 



Locati(Ai of Mills: 
CEMENT, SOLANO CO., 
CALIFORNIA 



Main Office: 
1024 FRANKLIN ST.. 
SAN FRANCISCO, CAL. 
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HYDPvATED PORTLAND LIME 



Renders Concrete 



NA/ater and Damp^ Proof 

It Fills the Voids and Sets There 



SCIENTIFIC PRACTICAL ECONOMICAL 



For information and prices write 

CHICKAMAUGA CEMENT CO. 

SOLE MANUFACTURERS 

CHATTANOOGA TENN. 



Become a Member 

OF THE 

National Association of Cement Users 

These Proceedings are Free to Members. 

Additional Copies of Proceedings can be Purchased as Follows : 

Members. Non'Members. 

1905 $1.00 $1.00 

1906 2.00 3.00 

1907 2.00 3.00 

1908 2.00 3.00 

For Further InFormation address : 

NATIONAL ASSOCIATION OF CEMENT USEKS, 

HARRISON BUILDING PHILADELPHIA, PENNA. 
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CThere is no class of work requiring a Portland cement 
where Universal Portland Cement has not been success- 
fully used. Its constant use during the last eight years 
in every class of concrete work, including sidewalks, re- 
inforced concrete, piers, dams, fireproofing, general 
enginefHng work, and general building construction has 
given it a splendid reputation as a standard Portland of 
the highest quality. 

C,The methods of inspection during manufacture and of 
the finished product are so rigid that no Universal 
except that of the highest quality is placed upon the 
market. Meeting easily all usual and proper tests, and 
conforming strictly to the standard specifications for 
Portland cement adopted by the American Society for 
Testing Materials, and to ihe Specifications of the Corps 
of Engineers of the United States Army, Universal 
Portland Cement is guaranteed to be fully equal to any 
Portland cement manufactured in this country or 
abroad, and superior to many. 

C^The plants being located in the Chicago and Pittsburg 
districts, thereby rendering accessible the unequaled 
transportation facilities of these two points, the com- 
pany possesses a distinct advantage in being able to 
offer the promptest of service in making shipments. 



UNIVERSAL 
PORTLAND CEMENT 



CO. 



CHICAGO PITTSBURG 



